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Wkh Hhfw ri Mrlqlqj wkh HPV= Prqhwdu|
Wudqvplvvlrq Phfkdqlvpv lq Vsdlq1
Ndwdulqd Mxvholxv
Xqlyhuvlw| ri Frshqkdjhq dqg
Hxurshdq Xqlyhuvlw| Lqvwlwxwh
Mxdq Wrur
Hxurshdq Xqlyhuvlw| Lqvwlwxwh
Vhswhpehu 5:wk/ 4<<<
Devwudfw
Wkh sdshu suhvhqwv d frlqwhjudwhg YDU dqdo|vlv ri prqhwdu| wudqvplv0
vlrq phfkdqlvpv dqg fkdqjhv lq wkhp diwhu Vsdlq mrlqhg wkh HPV lq 4<;<1
Dqdo|vhv ri orqj0uxq sulfh krprjhqhlw| zlwklq wkh L+5, prgho wxuqhg rxw wr
eh fuxfldo iru xqghuvwdqglqj wkh mrlqw ehkdylrxu ri prqh|/ lqfrph/ sulfhv/
dqg lqwhuhvw udwhv1 Wkh hpslulfdo uhvxowv ghprqvwudwhg wkh fuxfldo uroh ri
vkrfnv wr qrplqdo lqwhuhvw udwhv/ lq sduwlfxodu wr wkh orqj0whup erqg udwh/
iru wkh orqj0uxq pryhphqwv lq Vsdqlvk sulfhv1 Lq dgglwlrq/ wkh sdshu sur0
ylghv ixuwkhu lqvljkwv rq wkh pdfurhhfrqrplf hhfwv ri mrlqlqj wkh HPV
dqg qdqfldo ghuhjxodwlrq1 Wkh lqfuhdvhg hfrqrplf lqwhjudwlrq zlwklq wkh
HX lv vkrzq wr kdyh frpsohwho| fkdqjhg wkh g|qdplfv ri wkh frqyhqwlrqdo
LV0OP wudqvplvvlrq phfkdqlvp1
Nh|zrugv= Frlqwhjudwlrq/ Orqj0Uxq Lpsdfw/ Prqh| Ghpdqg/ LVOP /
Prqhwdu| Srolf|/ Fdslwdo Olehudol}dwlrq1
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Iljxuh 414= Wkh judsk ri wkh Vsdqlvk uhdo sss h{fkdqjh udwhv uhodwlyh wr Jhupdq|
+xsshu sdqho, dqg wkh hhfwlyh h{fkdqjh udwh +orzhu sdqho,1
41 Lqwurgxfwlrq
D frxqwu| mrlqlqj wkh Hxurshdq Prqhwdu| Xqlrq uhiudlqv iurp sxuvxlqj dq lqgh0
shqghqw prqhwdu| srolf|1 Wkh hfrqrplf frqvhtxhqfhv ri wklv Hxurshdq h{shul0
phqw gr qrw |hw vhhp ixoo| xqghuvwrrg1 Exw wr eh deoh wr hydoxdwh wkh frvwv ri
orvw prqhwdu| dxwrqrp| rqh zrxog qhhg wr nqrz zkhwkhu prqhwdu| srolf| lq wkh
sdvw kdv ehhq hhfwlyh lq dfklhylqj lwv jrdo/ e fxuelqj lq dwlrq lq d shulrg ri
h{sdqvlrqdu| ghpdqg dqg/ srvvleo|/ vwlpxodwlqj uhdo jurzwk lq d uhfhvvlrq1 Jlyhq
wkh orqj odvwlqj uhfhvvlrq lq Hxursh/ iurp wkh odwh hljkwlhv wr wkh plg qlqhwlhv/
zlwk prghvw uhdo jurzwk udwhv/ kljk udwhv ri xqhpsor|phqw/ orz lq dwlrq udwhv
dqg kljk uhdo lqwhuhvw udwhv/ wklv txhvwlrq vhhpv sduwlfxoduo| lpsruwdqw1 Wkhuh0
iruh/ wkh lghd lv wr vwxg| wkh prqhwdu| phfkdqlvpv ri wkh Vsdqlvk hfrqrp| ryhu
wkh sdvw wzhqw| |hduv wr jhw dq lpsuryhg hpslulfdo xqghuvwdqglqj iru krz wkhvh
phfkdqlvpv kdyh fkdqjhg zlwk wkh lqfuhdvhg Hxurshdq hfrqrplf lqwhjudwlrq1
Lw zdv d vwduwlqj k|srwkhvlv lq Mxvholxv +4<<:/ 4<<;d, wkdw wkh ghyldwlrq iurp
5wkh  vwhdg|0vwdwh srvlwlrq dqg wkh ghjuhh ri fdslwdo olehudol}dwlrq duh fuxfldo
iru krz prqhwdu| phfkdqlvpv zrun iru d frxqwu| mrlqlqj .- 1 Iru fdslwdo
ghuhjxodwhg frxqwulhv/ zklfk dgrswhg wkh qduurz 5158( edqgv ri wkh .- dqg
zhuh deryh wkhlu SSS vwhdg|0vwdwh srvlwlrq/ vxfk dv Jhupdq| dqg Ghqpdun/ wkh
hpslulfdo uhvxowv lq Mxvholxv +4<<9/ 4<<;d/ 4<<;e, ghprqvwudwhg wkh lpsrwhqf|
ri prqhwdu| srolf|= Sxuh prqhwdu| vkrfnv +fkdqjhv lq prqh| vwrfn, kdg plqru
hhfwv +li dq|, rq lq dwlrq1 Fkdqjhv lq vkruw lqwhuhvw udwhv kdg rqo| vkruw0uxq exw
kdugo| dq| orqj0uxq hhfwv rq lq dwlrq ru rq dq| ri wkh lqwhuphgldwh lqvwuxphqwv1
Iru d fdslwdo uhjxodwhg frxqwu|/ vxfk dv Lwdo|/ zklfk dgrswhg wkh eurdg fxuuhqf|
edqgv ri wkh HUP zkhq lwv uhdo SSS h{fkdqjh udwhv zhuh ehorz lwv orqj0uxq
vwhdg|0vwdwh ydoxh/ wkh uhvxowv lq Mxvholxv dqg Jhqqdul +4<<<, ghprqvwudwhg pxfk
kljkhu hhfwlyhqhvv ri prqhwdu| srolf|1
Vsdlq mrlqhg wkh HPV txlwh odwh/ lq 4<;<1 Lw uhpryhg prvw uhvwulfwlrqv rq fds0
lwdo pryhphqwv vrphzkdw odwhu dqg dgrswhg wkh eurdg 9( edqgv ri wkh HUP1 Dv
d uhvxow ri vshfxodwlyh dwwdfnv lw ghydoxhg lwv fxuuhqf| lq Vhswhpehu dqg Qryhp0
ehu 4<<51 Edvhg wkh deryh k|srwkhvlv zh h{shfw prqhwdu| srolf| lq Vsdlq wr
eh pruh hhfwlyh ehiruh 4<;< zkhq lw zdv fdslwdo uhjxodwhg dqg ehorz wkh SSS
vwhdg|0vwdwh ohyho +vhh j1 414,1 Pruhryhu/ zh h{shfw grphvwlf lqwhuhvw udwh frq0
wuro wr eh ohvv hhfwlyh diwhu Vsdlq mrlqhg wkh .7 lq 4<;< dqg/ lq sduwlfxodu/
diwhu lw uhpryhg prvw fdslwdo uhjxodwlrqv lq 4<<31 Wklv suhvxphv wkdw wkh ohyho ri
orqj0whup lqwhuhvw udwh kdv lqfuhdvlqjo| ehfrph lqwhuqdwlrqdoo| ghwhuplqhg diwhu
wkh zruogzlgh fdslwdo ghuhjxodwlrq lq wkh hljkwlhv1
Wklv lv pruh ru ohvv lq olqh zlwk wkh frqfoxvlrqv e| Hvfulyd dqg Pdor gh Prolqd
+4<<4,1 Wkh| fodlp wkdw wkh vwulfw xvh ri prqhwdu| remhfwlyh kdv suredeo| ehhq
lqhhfwlyh lq uhgxflqj prqhwdu| jurzwk erwk lq wkh suh0 dqg srvw0HUP shulrg
dqg srlqw wr qhhg iru dgguhvvlqj wkh iroorzlqj lpsruwdqw lvvxhv= +l, frruglqdwlrq
ri prqhwdu| dqg vfdo srolf|/ +ll, wkh uroh ri prqhwdu| wdujhwv zkhq wkhuh duh
olplwv wr wkh  xfwxdwlrqv ri h{fkdqjh udwhv/ +lll, wkh pdqdjhphqwv ri wdujhwv lq
whup rq prqh| djjuhjdwhv/ +ly, wkh pdqdjhphqw ri lqwhuhvw udwh lq wkh vkruw whup1
Hpslulfdo zrun rq prqhwdu| phfkdqlvpv lq Vsdlq kdv sulpdulo| irfxvhg rq
wkh hvwlpdwlrq ri djjuhjdwh prqh| ghpdqg uhodwlrqv lq d vlqjoh htxdwlrq iudph0
zrun1 Vhh iru h{dpsoh Grodgr dqg Hvfulyd +4<<3,/ Fdeuhur hw1 do1 +4<<5,/ Yhjd
+4<<8,1 Doo ri wkhp uhsruw ydulrxv sureohpv/ exw lpsodxvleoh lqfrph frh!flhqwv
dqg sdudphwhu lqvwdelolw| vhhp sduwlfxoduo| zruu|lqj iurp dq hfrqrphwulf srlqw ri
ylhz1 Vhyhudo srvvleoh h{sodqdwlrqv wr wkhvh sureohpv duh vxjjhvwhg= Wkh rplvvlrq
ri zhdowk lq wkh vshflfdwlrq ri djjuhjdwh ghpdqg iru prqh| pljkw kdyh eldvhg
wkh lqfrph frh!flhqw1 Lqfuhdvhv lq wkh vdylqj udwlr dqg sulydwh vhfwru zhdowk
pljkw kdyh lqgxfhg sdudphwhu lqvwdelolw| lq wkh frh!flhqw iru lqfrph1 Lpsruwdqw
qdqfldo lqqrydwlrqv dhfwlqj wkh uhwxuq rq prqh| pljkw kdyh lq xhqfhg wkh vhq0
vlwlylw| ri prqh| ghpdqg wr fkdqjhv lq wkh udwh ri uhwxuq1 D vwurqj frpshwlwlrq
6ehwzhhq edqnv iru ghsrvlwv ohdglqj wr kljk |lhog dffrxqwv fdq eh d srvvleoh h{0
sodqdwlrq iru wkh revhuyhg sdudphwhu lqvwdelolw| lq wkh orqj uxq prqh| ghpdqg
uhodwlrq1 Ilqdoo|/ wkh juhdwhu sruwirolr glyhuvlfdwlrq fdxvhg e| wkh oliwlqj ri suh0
ylrxv frqwurov rq fdslwdo pryhphqwv pljkw kdyh ohg wr fkdqjhv lq wkh ehkdylru ri
djhqwv* ghpdqg iru prqh|1
Zh dwwhpsw khuh wr h{sodlq vrph ri wkh suhylrxv hpslulfdo sureohpv e| dgrsw0
lqj d pxowlyduldwh dssurdfk wr wkh dqdo|vlv ri wkh shulrg ehiruh dqg diwhu Vsdlq
mrlqhg wkh HPV dqg dw wkh vdph wlph rhu qhz hpslulfdo lqvljkw rq wkh lvvxhv
sursrvhg e| Hvfulyd dqg Pdor gh Prolqd +4<<4,1 D v|vwhp dssurdfk edvhg rq
wkh frlqwhjudwhg YDU prgho iru prqh|/ lqfrph/ sulfhv/ dqg lqwhuhvw udwhv doorzv
xv wr hvwlpdwh prqh| ghpdqg dqg prqh| vxsso| dv sduw ri d prqhwdu| v|vwhp
fkdudfwhul}hg e| orqj0uxq dqg vkruw0uxq hhfwv/ lqwhudfwlrqv dqg ihhgedfn1 E|
hvwlpdwlqj wkh prgho vhsdudwho| ryhu wkh wzr shulrgv 4<:8=704<;<=4 dqg 4<;;=40
4<<9=6 lw lv srvvleoh wr vkhg vrph oljkw rq wkh fkdqjlqj phfkdqlvpv fdxvhg e|
fdslwdo ghuhjxodwlrq dqg lqfuhdvhg hfrqrplf lqwhjudwlrq1
Wkh hpslulfdo dqdo|vlv lqyhvwljdwhv uvw orqj0uxq sulfh krprjhqhlw| ehwzhhq
qrplqdo prqh| vwrfn dqg sulfhv edvhg rq wkh L+5, prgho1 Wklv sduw ri wkh hfrqr0
phwulf dqdo|vlv wxuqhg rxw wr eh pdqgdwru| iru xqghuvwdqglqj wkh mrlqw ehkdylru
ri qrplqdo prqh|/ sulfhv dqg uhdo lqfrph/ dqg khosv wr h{sodlq vrph ri wkh sure0
ohpv hqfrxqwhuhg lq suhylrxv vwxglhv1
Wkh rujdql}dwlrq lv dv iroorzv= Vhfwlrq 5 glvfxvvhv wkh lqvwlwxwlrqdo edfnjurxqg
dqg krz wkh prqhwdu| surfhgxuhv kdyh fkdqjhg ryhu wkh vdpsoh shulrg1 Vhfwlrq
6 glvfxvvhv vrph phwkrgrorjlfdo dvshfwv ri wkh hfrqrphwulf dssurdfk dv zhoo dv
frlqwhjudwlrq lpsolfdwlrqv ri wkh k|srwkhwlfdo vwhdg|0vwdwh uhodwlrqv1 Vhfwlrq 7
ghqhv wkh vwdwlvwlfdo prgho dqg Vhfwlrq 8 ghwhuplqhv wkh hpslulfdo surshuwlhv
ri wkh prgho lq qrplqdo prqh| dqg sulfhv iru wkh suh dqg srvw HPV shulrg1
Vhfwlrq 9 lqyhvwljdwhv wkh k|srwkhvlv ri orqj0uxq sulfh krprjhqhlw| lq wkh L+5,
prgho iru erwk shulrgv dqg glvfxvvhv wkh lpsolfdwlrqv iru dqdo|}lqj uhdo prqh|
zkhq qrw qglqj lw1 Vhfwlrq : uhsruwv frlqwhjudwlrq whvwv ri wkh k|srwkhwlfdo orqj0
uxq vwhdg|0vwdwh uhodwlrqv/ vhohfwv iru hdfk shulrg wkuhh vwhdg|0vwdwh uhodwlrqv wr
ghvfuleh wkh orqj0uxq vwuxfwxuh lq wkh gdwd/ dqg uhsruwv wkh hvwlpdwhv ri wkh orqj0
uxq lpsdfw pdwul{1 Vhfwlrq ; uhsruwv dq lghqwlhg vkruw0uxq dgmxvwphqw prgho
iru hdfk shulrg/ dqg glvfxvvhv wkh edvlf qglqjv edvhg rq d frpsdudwlyh dqdo|vlv
ri wkh suh dqg srvw HPV shulrg1 Vhfwlrq < vxppdul}hv dqg frqfoxghv1
51 Wkh prqhwdu| surfhgxuh lq Vsdlq 4<:60<8
Ehiruh prylqj wr wkh hpslulfdo dqdo|vlv zh glvfxvv wkh klvwrulfdo ghyhorsphqw ri
wkh prqhwdu| djjuhjdwhv edvhg rq d judsklfdo dqdo|vlv lq Vhfwlrq 514 dqg jlyh dq
ryhuylhz ri prqhwdu| uhirupv dqg fkdqjhv lq prqhwdu| surfhgxuh lq Vhfwlrq 5151
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Iljxuh 514= Wkh judskv ri lqyhuvh yhorflw| iru P4/ P5/ P6/ dqg DOS +xsshu
sdqho, dqg wkh fruuhvsrqglqj lqwhuhvw udwh vsuhdgv +orzhu sdqho,1
Vhfwlrq 516 eulh | frpphqwv rq fdslwdo ghuhjxodwlrq dqg qdqfldo lqqrydwlrqv1
5141 Judsklfdo uhylhz
Dv d edfnjurxqg wr wkh hpslulfdo dqdo|vlv zh uvw suhvhqw wkh judskv ri wkh
lqyhuvh yhorflw| +khuhdiwhu prqh| yhorflw|, ri ydulrxv frpsrqhqwv ri djjuhjdwh
prqh| vwrfn dqg wkhlu prvw lpsruwdqw ghwhuplqdqwv1
Iljxuh 5141 uhsruwv wkh orj ri wkh yhorflw| ri P4/ P5/ P6/ dqg DOS/ zkhuh
orzhu fdvh ohwwhuv vwdqgv iru orjdulwkplf ydoxhv1 Lw dsshduv wkdw wkh yhorflw| ri
P4 dqg P5/ dqg ri P6 dqg DOS h{klelw vlplodu wuhqglqj ehkdylru zlwklq wkh
sdluv/ exw glvwlqfwo| glhuhqw ehwzhhq wkh sdluv1 Wkh vsuhdg ehwzhhq wkh lqwhuhvw
udwhv judskhg lq wkh orzhu sdqho ri Iljxuh 514 lv ghqhg dv wkh glhuhqwldo ehwzhhq
wkh dyhudjh lqwhuhvw udwh rq rxwvlgh dvvhwv +erqgv, dqg wkh lqwhuhvw udwh |lhog rq
wkh prqh| djjuhjdwh lq txhvwlrq1 Wkh judskv vkrz wkdw lqwhuhvw udwhv kdugo|
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Iljxuh 515= Wkh judskv ri P4 lqy1 yhorflw| frpsduhg wr lq dwlrq +xsshu sdqho,
dqg lqwhuhvw udwh vsuhdg +orzhu sdqho,1
fkdqjh dw doo lq 4<:80::/ zkhuhdv iurp 4<:: rqzdugv wkh vsuhdg lqfuhdvhv txlwh
gudpdwlfdoo| iru P4 dqg P5 wr eh iroorzhg e| P6 dqg DOS d ihz |hduv odwhu1 Dv
h{shfwhg/ wkh vsuhdgv iru P4 dqg P5 duh pxfk odujhu wkdq iru P6 dqg DOS1 Vrph
ri wkh pruh lpsruwdqw gdwhv duh wkh vwduw ri wkh HPV lq 4<:</ wkh djuhhphqw wr
vwrs wkh iuhtxhqw uhdoljqphqwv zlwklq wkh HPV lq 4<;6/ Vsdlq mrlqlqj wkh HPV
lq 4<;</ Vsdlq dgrswlqj wkh yhu| eurdg edqgv ri wkh HPV diwhu wkh vshfxodwlyh
dwwdfn rq wkh shvhwd lq odwh 4<<51
Lq wkh xsshu sdqho ri Iljxuh 515 wkh yhorflw| ri P4 lv frpsduhg wr wkh |hduo|
lq dwlrq udwh dqg lq wkh orzhu sdqho wr wkh lqwhuhvw udwh vsuhdg1 Wkhuh vhhpv wr eh
d vwurqj qhjdwlyh uhodwlrqvkls ehwzhhq P40yhorflw| dqg wkh vsuhdg +wkh rssruwx0
qlw| frvw ri kroglqj prqh|, dv wkhru| zrxog vxjjhvw/ exw kdugo| dq| uhodwlrqvkls
wr lq dwlrq1 Iljxuh 516 vkrzv wkdw wkh rssrvlwh ehkdylru vhhpv wr fkdudfwhul}h wkh
P60yhorflw|/ vxjjhvwlqj d vwurqj qhjdwlyh uhodwlrqvkls zlwk lq dwlrq/ exw kdugo|
dq| uhodwlrqvkls zlwk wkh lqwhuhvw udwh vsuhdg1
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Iljxuh 516= Wkh judskv ri lqyhuvh p6 yhorflw| frpsduhg wr lq dwlrq +xsshu sdqho,
dqg lqwhuhvw udwhv +orzhu sdqho,1
Wkxv/ edvhg rq d ylvxdo lqvshfwlrq lw vhhpv srvvleoh wr qg hpslulfdo vxssruw
iru d ghpdqg iru P4 +ru P5, uhodwlrq dv d ixqfwlrq ri wkh lqwhuhvw udwh vsuhdg exw
qrw iru P6 +ru DOS,1
5151 Fkdqjhv lq prqhwdu| surfhgxuh4
Ruwhjd +4<<9,Vsdlq kdv dfwlyho| sxuvxhg prqhwdu| srolf| doo vlqfh 4<:61 Wkh
prqhwdu| wdujhw kdv jhqhudoo| ehhq vshflhg lq whupv ri dq prqhwdu| djjuhjdwh/
exw vlqfh 4<<8 lw kdv ehhq uhsodfhg e| d wdujhw lq dwlrq udwh1 Dw wkh ehjlqqlqj ri
wkh shulrg prqhwdu| surfhgxuh uholhg rq dq lqwhuphgldwh wdujhw ghqhg e| P6/
odwhu lw zdv uhghqhg lq whupv ri u +oltxlg dvvhwv khog e| wkh sxeolf,1 Wkh
prqhwdu| djjuhjdwh  zdv fkrvhq ehfdxvh ri lwv lqvhqvlwlylw| wr sruwirolr uhdo0
orfdwlrqv ehwzhhq vdylqjv dqg wlph ghsrvlwv1 Wkh odwwhu zhuh wkh prvw frpprq
4Wklv vhfwlrq gudzv vwurqjo| rq Vdq} dqg Ydo +4<<6, dqg Fdeuhur/ Hvfulyd dqg Ruwhjd +4<<9,1
:phdqv ri sd|phqw lq wkh vhyhqwlhv dqg wkh ehjlqqlqj ri wkh hljkwlhv1 Krzhyhu/
wkh ghpdqg iru sulydwh dvvhwv wudqvihu fhuwlfdwhv dv zhoo dv erqgv lvvxhg e| wkh
edqnlqj v|vwhp dqg rwkhu r!fldo fuhglw lqvwlwxwlrqv vwduwhg wr jurz zlwk d shdn
lq 4<;61 Kljk |lhogv dqg idyrudeoh wd{ wuhdwphqw pdgh wkhp jrrg vxevwlwxwhv iru
wlph ghsrvlwv1 Wkh odwwhu h{shulhqfhg dovr kdug frpshwlwlrq iurp rwkhu qdqfldo
lqqrydwlrqv/ vxfk dv lqvxudqfh wudqvdfwlrqv dqg uhsrv rq qrwhv dqg eloov1 Doo wklv
ohg wkh prqhwdu| dxwkrulwlhv wr uhghqh wkh lqwhuphgldwh prqhwdu| lqvwuxphqw lq
4<;7 e| wkh oltxlg dvvhwv lq wkh kdqgv ri wkh sxeolf +u ,1 Lw zdv wkhq eholhyhg
wkdw u zrxog kdyh jrrg surshuwlhv lq whupv ri frqwuroodelolw|1 Wklv zdv ghqhg
dv d vwdeoh uhodwlrqvkls ehwzhhq wkh jurzwk ri wkh prqh| djjuhjdwh dqg wkh pdlq
lqvwuxphqwv ri wkh fhqwudo edqn/ dqg wkh lq dwlrq dqg rxwsxw jurzwk/ wkh qdo
jrdo yduldeohv1
Krzhyhu/ wkh uhodwlyho| kljk Vsdqlvk lq dwlrq suhydohqw lq wkh vhyhqwlhv dqg
hljkwlhv suhyhqwhg wkh Wuhdvxu| wr uho| h{foxvlyho| rq wkh Edqn ri Vsdlq iru 0
qdqflqj wkh odujh jryhuqphqw ghflwv1 Wkh dsshdudqfh ri vkruw0whup jryhuqphqw
ghew/ Wuhdvxu| eloov/ dv zhoo dqg uhsrv rq eloov dqg qrwhv/ wrjhwkhu zlwk d pdunhw
iru wkhp wkdw lqfuhdvhg wkhlu oltxlglw|/ lqgxfhg vljqlfdqw sruwirolr uhdgmxvwphqwv1
Wklv ohg djdlq wr d uhghqlwlrq ri wkh prqhwdu| djjuhjdwh u wr lqfoxgh wkhvh
qhz dvvhwv1
Wkrxjk wklv djjuhjdwh fryhuhg hvvhqwldoo| wkh zkroh prqh| pdunhw/ wkhuh zhuh
vrph vhulrxv gudzedfnv dvvrfldwhg zlwk lw1 Iluvw/ d juhdw sursruwlrq ri dvvhwv
lqfoxghg lq wkh djjuhjdwh |lhoghg uhwxuq qrw yhu| glhuhqw iurp dvvhwv rxwvlgh
wkh djjuhjdwh1 Frqvhtxhqwo|/ wkh rssruwxqlw| frvw ri kroglqj prqh| ehfdph
doprvw }hur1 Vhfrqg/ wkh ghpdqg iru d juhdw sursruwlrq ri wkh dvvhwv lqfoxghg
lq wkh djjuhjdwh zdv olqnhg wr ghpdqg dvvrfldwhg zlwk ghflw qdqflqj1 Wklv
ohdg wr shulrgv ri lqvwdelolw| ehfdxvh sduw ri wkh ghpdqg iru u ghshqghg rq
wkh wlplqj ri wkh jryhuqphqw*v qdqflqj1 uhtxluhphqwv1 Wklug/ ehfdxvh Wuhdvxu|
eloov zkhuh qrw lqfoxghg lq wkh uhvhuyh uhtxluhphqwv/ wkh prqh| pxowlsolhu ehfdph
txlwh xqvwdeoh15
Ilqdqfldo lqwhjudwlrq dv zhoo dv frpplwphqwv gxh wr wkh phpehuvkls ri wkh
HPV ohg wr ixuwkhu fkdqjhv lq wkh prqhwdu| rshudwlqj surfhgxuh1 Vlqfh 4<;:
vkruw0whup lqwhuhvw udwh frqwuro ehfdph lqfuhdvlqjo| lpsruwdqw iru wkh lpsohphq0
wdwlrq ri prqhwdu| srolf|1 Wkh iroorzlqj wkuhh uhirupv ri wkh prqhwdu| surfhgxuh
lq Vsdlq duh ri sduwlfxodu lqwhuhvw=
Wkh 4<;: uhirup lqfuhdvhg wkh uhvhuyh uhtxluhphqw iurp d pd{lpxp ohyho ri
:( wr 4<(1 Wkh sxusrvh zdv wr gudlq h{fhvv oltxlglw| ruljlqdwlqj iurp wkh lq0
fuhdvh lq sxeolf ghflw dqg wkh lqfuhdvh lq iruhljq uhvhuyhv/ exw dovr wr rewdlq d
fkhds zd| ri qdqflqj jryhuqphqw ghflwv gxh wr wkh orz lqwhuhvw udwhv rq uhvhuyh
uhtxluhphqwv1
5Edvhg rq wkhvh dujxphqwv rxu hpslulfdo dqdo|vlv zloo irfxv lq wkh djuhjjdwh P61
;Wkh 4<<3 uhirup wrrn sodfh diwhu wkh qdqflqj qhhg ri wkh jryhuqphqw kdg
ehhq uhgxfhg dqg vwdwhg wkdw ixwxuh jryhuqphqw eruurzlqj iurp wkh ErV frxog
qrw h{fhhg wkh srvlwlrq dw wkh hqg ri 4<;<1 Wkh frpplwphqw ri wkh jryhuqphqw
wr uhgxfh lwv eruurzlqj iurp wkh Edqn ri Vsdlq shuplwwhg d pruh  h{leoh oltxlg0
lw| frqwuro1 Wklv ohdg wr d prglfdwlrq ri wkh uhvhuyh uhtxluhphqwv zklfk zhuh
vhw dw 6( dqg odwhu uhgxfhg wr 5(1 Wkh uhvhuyh glhuhqwldo zdv wudqviruphg wr
fhuwlfdwhv ri wkh Edqn ri Vsdlq zlwk d judgxdo dpruwl}dwlrq iurp 4<<6 wr 53331
Wkh 4<<6 uhirup zdv prwlydwhg e| odujh vkliwv lq wkh prqhwdu| djjuhjdwhv
uhodwhg wr xqfhuwdlqw| rq wkh h{fkdqjh udwh pryhphqwv +diwhu wkh vshfxodwlyh
dwwdfn rq wkh shvhwd,1 Wkh odujh sruwirolr vkliwv iurp edqn dffrxqwv wr lqyhvwphqw
ixqgv dqg wkh odujh vfdoh vxevwlwxwlrq ri ghsrvlwv dfurvv erughuv vwurqjo| dhfwhg
wkh lqirupdwlyh frqwhqw ri wkh jurzwk ri wkh prqhwdu| djjuhjdwh +DOS,1
5161 Fdslwdo ghuhjxodwlrq
Wkh surfhvv wr ghuhjxodwh wkh Vsdqlvk fdslwdo pdunhw zdv lqlwldwhg lq 4<;: zlwk
wkh qdo dlp ri lqfrusrudwlqj wkh Vsdqlvk shvhwd lq wkh HUP1 Wkh sxusrvh zdv
wr lpsuryh prqhwdu| dv zhoo dv vfdo fuhglelolw| dqg glvflsolqh e| iruflqj sulfh
ghflvlrqv wr eh frqvlvwhqw zlwk wkrvh ri wkh iruhljq wudglqj sduwqhuv1 Wkh lqwhqwlrq
zdv wr eruurz wkh orz lq dwlrq uhsxwdwlrq ri wkh HPV frxqwulhv dqg wr euhdn wkh
ylflrxv flufoh wkdw wkh odujh lq rzv ri iruhljq fdslwdo kdg vwduwhg1 Wkh odwwhu zdv
d uhvxow ri wkh odujh lqwhuhvw glhuhqwldo ehwzhhq Vsdlq dqg wkh rxwvlgh zruog dqg
wkh frqvhtxhqw dssuhfldwlrq ri wkh Vsdqlvk shvhwd dqg orvv ri frpshwlwlyhqhvv lq
wkh h{sruw vhfwru1
Dowkrxjk wkh pdlq ghflvlrq wr ghuhjxodwh fdslwdo pryhphqwv wrrn sodfh lq 4<;:
wkh dfwxdo uhirupv ehfdph hhfwlyh iurp 4<;< rqzdugv dv d uhvxow ri Vsdlq mrlqlqj
wkh HPV zlwk wkh Vsdqlvk shvhwd lq wkh eurdg 9( HUP edqgv1 Dw wkh vdph wlph
txdqwlwdwlyh olplwv rq lqyhvwphqw lq vhfxulwlhv lvvxhg rq iruhljq pdunhwv zhuh
oliwhg dqg ghsrvlwv ghqrplqdwhg lq hfxv zhuh dxwkrul}hg1 Lq 4<<3 wkh sxufkdvh
ri vhfxulwlhv lvvxhg lq iruhljq prqh| pdunhwv zhuh olehudol}hg zklfk vwduwhg d
hufh frpshwlwlrq dprqj wkh Vsdqlvk edqnv1 Lq 4<<5 uhvlghqwv zhuh doorzhg wr
krog dffrxqwv ghqrplqdwhg hlwkhu lq shvhwdv ru iruhljq fxuuhqflhv dw qrq0uhvlghqwv
edqnv1
Krzhyhu/ wkh ghflvlrq lq 4<;< wr mrlq wkh HUP uhjlph zdv qrw vx!flhqw wr
ghfuhdvh fruh lq dwlrq +qrplqdo zdjh jurzwk,/ zklfk zdv jurzlqj dw d udwh lq0
frpsdwleoh zlwk wdujhw lq dwlrq udwhv ri wkh rwkhu HUP frxqwulhv1 Wklv ohg wkh
ErV wr lpsrvh uhvwulfwlrqv rq fuhglw dqg fdslwdo pryhphqwv zklfk suhydlohg xqwlo
4<<31 Qhyhuwkhohvv/ wkh h{whuqdo +dqg lqwhuqdo, lpedodqfhv ri wkh Vsdqlvk hfrq0
rp| zhuh wrr odujh dqg lq 4<<5 wkh shvhwd ehfdph vxemhfw wr d pdmru vshfxodwlyh
dwwdfn zklfk fdxvhg d uvw ghydoxdwlrq ri 8( lq Vhswhpehu 4<<5 dqg d ixuwkhu
<ghydoxdwlrq ri 9( lq Qryhpehu 4<<51
61 Wkhruhwlfdo uhodwlrqv dqg wkhlu frlqwhjudwlrq lpsolfdwlrqv
Wkh klvwrulfdo ryhuylhz vxjjhvwhg vhyhudo uhjlph fkdqjhv ri zklfk wkh prvw lp0
sruwdqw vhhpv wr eh wkh fkdqjh ri h{fkdqjh udwh uhjlph dqg wkh dvvrfldwhg fds0
lwdo olehudol}dwlrq1 D sulrul zh h{shfw prqhwdu| wudqvplvvlrq phfkdqlvpv wr eh
vwurqjo| lq xhqfhg e| wklv/ uhvxowlqj lq fkdqjhv lq erwk wkh g|qdplf dgmxvwphqw
frh!flhqwv dqg wkh frlqwhjudwlrq surshuwlhv ri wkh gdwd1 Dv d edfnjurxqg/ Vhfwlrq
614 glvfxvvhv vrph phwkrgrorjlfdo dvshfwv ri wkh dgrswhg dssurdfk dqg Vhfwlrq
615 frqvlghuv srvvleoh frlqwhjudwlrq uhodwlrqv jlyhq wkh gdwd vhw dqg wkhlu pdfurh0
frqrplf lqwhusuhwdwlrq1
6141 Phwkrgrorjlfdo frqvlghudwlrqv
Wkh pdlq sxusrvh lv wr vwxg| wkh g|qdplfv ri h{fhvv prqh| dqg h{fhvv vkruw0
whup lqwhuhvw udwhv dqg krz wkh| dhfw wkh grphvwlf hfrqrp| wkurxjk wkhlu
hhfwv rq sulfhv/ lqfrph dqg orqj0whup lqwhuhvw udwh1 Wkh devhqfh ri iruhljq ydul0
deohv lq wkh dqdo|vlv wr dffrxqw iru wkh dgglwlrqdo hhfwv ri fkdqjhv lq wkh edodqfh
ri sd|phqwv +  grhv qrw/ lq jhqhudo/ lqydolgdwh wkh hfrqrphwulf lqwhusuhwd0
wlrq ri wkh uhvxowv1 Wkh uhdvrq lv wkdw wkh frlqwhjudwlrq surshuw| lv lqyduldqw wr
fkdqjhv lq wkh lqirupdwlrq vhw1 Wkhuhiruh/ li frlqwhjudwlrq lv irxqg zlwklq wkh
suhvhqwo| xvhg vhw ri yduldeohv wkh vdph frlqwhjudwlrq uhodwlrq zrxog eh irxqg lq
dq h{whqghg dqdo|vlv1
Qhyhuwkhohvv/ wkh frvw zh sd| iru qrw lqfoxglqj ri lpsruwdqw iruhljq yduldeohv
vxfk dv wkh uhdo h{fkdqjh udwh/ d yduldeoh phdvxulqj h{sruw ghpdqg/ dqg d iruhljq
lqwhuhvw udwh/ lv wkdw vrph txhvwlrqv fdqqrw eh dgguhvvhg1 Wr ohw wkh uhdghu dvvhvv
wkh lpsolfdwlrqv ri wklv fkrlfh/ zh h{whqg wkh grphvwlf U7 u prgho +Odlgohu/
4<;8, zlwk  hhfwv dqg glvfxvv krz wkh k|srwkhwlfdo uhodwlrqv zrxog kdyh ehhq
prglhg fruuhvsrqglqjo|1
Wkh prwlydwlrq iru irfxvlqj h{foxvlyho| rq wkh grphvwlf phfkdqlvpv lv uhodwhg
wr wkh fkrlfh ri hfrqrphwulf phwkrgrorj|1 Wkh T - dssurdfk lv yhu| srzhuixo
iru d ghwdlohg dqdo|vlv ri vpdoohu v|vwhpv/ exw ehfrphv xqpdqdjhdeoh lq odujhu
v|vwhpv1 Wkhuhiruh/ wkh lghd lv uvw wr vwxg| vhsdudwho| wkh grphvwlf prqhwdu|
phfkdqlvpv/ wkh oderu pdunhw phfkdqlvpv/ dqg wkh iruhljq phfkdqlvpv xvlqj
frlqwhjudwlrq dqdo|vlv dqg wkhq wr frpelqh wkh uhvxowv ri wkh vxe0v|vwhpv lqwr d
pruh frpsohwh prgho1 H{dpsohv ri wklv dssurdfk fdq eh irxqg iru h{dpsoh lq
Mxvholxv +4<<5, dqg Phwlq +4<<;,1 Wkh dssurdfk ri Hulfvvrq dqg Lurq +4<<;, lv
vlplodu exw wkh| hvwlpdwh d orqj0uxq uhodwlrq edvhg rq d frpelqhg dssurdfk1
Wkh k|srwkhwlfdo uhodwlrqv glvfxvvhg ehorz ghvfuleh krz wkh orqj0uxq vwuxfwxuh
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ri wkh prgho fdq eh uhodwhg wr wkh frlqwhjudwlrq surshuwlhv ri wkh gdwd1 D qhfhvvdu|
frqglwlrq iru hpslulfdo vxssruw iru d k|srwkhwlfdo vwhdg|0vwdwh uhodwlrq lv wkdw wkh
fruuhvsrqglqj frlqwhjudwlrq uhodwlrq lv vwdwlrqdu| zlwk hvwlpdwhg frlqwhjudwlrq
frh!flhqwv ri wkh h{shfwhg vljq1 Wkh vkruw0uxq dgmxvwphqw sdudphwhuv rq wkh
rwkhu kdqg ghvfuleh wkh g|qdplf wudqvplvvlrq phfkdqlvpv ri prqhwdu| srolf|1 D
sulrul zh h{shfw wkh g|qdplfv wr glhu lq wkh wzr uhjlphv zlwkrxw kdylqj d vwurqj
sulru iru krz1 Khqfh/ wkh vkruw0uxq dgmxvwphqw g|qdplfv zloo eh hpslulfdoo|
ghwhuplqhg e| wkh hfrqrphwulf dqdo|vlv1 Lq wklv vhqvh wkhuh lv d odujh h{sorudwru|
hohphqw lq wkh hpslulfdo dqdo|vlv1
6151 Vwhdg|0vwdwh uhodwlrqv
Doo wkurxjk wkh sdshu orzhu fdvhv ghqrwh orjdulwkplf ydoxhv dqg xsshu fdvhv ohyhov1
J?e+ _e6@?_c 6_ c lv dvvxphg wr eh wkh vxp ri wkh wudqvdfwlrqv/ suhfdx0
wlrqdu|/ dqg vshfxodwlyh ghpdqg iru prqh| dqg lv jlyhq e|=
6_
|
’ +
|
n R
|
n KE-6| -K| n K2{R| n 6| +614,
zkhuh + lv uhdo lqfrph/ R lv sulfh/ -
K
 -
6
lv wkh rssruwxqlw| frvw ri kroglqj
prqh| uhodwlyh wr erqgv/ {R lv wkh rssruwxqlw| frvw uhodwlyh wr uhdo vwrfn/ 
6|
lv
d uhvlgxdo1 Wkh frqglwlrq iru +614, wr txdoli| dv d ghpdqg iru prqh| uhodwlrq lv
wkdw K : fc K2 	 f dqg 6|  UEf 1
Lq dgglwlrq/ wkh rssruwxqlw| frvw ri kroglqj prqh| uhodwlyh wr iruhljq erqgv/
E-
6|
-W
K|
 pljkw srwhqwldoo| lq xhqfh ghpdqg iru prqh|1 Vlqfh Vsdlq kdv pdlq0
wdlqhg uhvwulfwlrqv rq fdslwdo pryhphqwv lq wkh suh0HPV shulrg/ grphvwlf prqh|
ghpdqg lv qrw olnho| wr eh pxfk lq xhqfhg e| wkh iruhljq lqwhuhvw udwh lq wklv
shulrg1 Lq wkh vhfrqg shulrg wkh lq xhqfh lv olnho| wr eh juhdwhu1
Dv glvfxvvhg lq Vhfwlrq 515 wkh Edqn ri Vsdlq xvhg suhgrplqdqwo| prqh|
vwrfn dv wkhlu srolf| lqvwuxphqw iru frqwuroolqj lq dwlrq lq wkh uvw shulrg/ exw
lqwhuhvw udwhv lq wkh vhfrqg shulrg1 Wklv prwlydwhv wkh vshflfdwlrq ri wzr glhuhqw
fhqwudo edqn srolf| uxohv1
Wkh uvw ghvfulehv d prqh| vwrfn uxoh=
6
|
 R
|
 +
|
’ sE{R
|
 Zf n | +615,
zkhuh 
|
lv d vwdwlrqdu| uhvlgxdo huuru1 Dffruglqj wr +614, zh h{shfw ErV wr
frqwudfw prqh| vwrfn dv d uhvxow ri lq dwlrq ehlqj deryh wkh wdujhw lq dwlrq udwh
Zf D suhuhtxlvlwh iru wklv uxoh wr eh hhfwlyh lv orqj0uxq krprjhqhlw| ehwzhhq
qrplqdo prqh| dqg sulfhv dqg fdxvdolw| iurp prqh| wr sulfhv udwkhu wkdq wkh
rwkhu zd| durxqg1
Wkh vhfrqg ghvfulehv dq lqwhuhvw udwh uxoh=
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n KE{R|  Zf n-f n 2| +616,
zkhuh -f lv d frqvwdqw/ K : fc dqg 2| lv d vwdwlrqdu| uhvlgxdo huuru1
Iruhljq lqglfdwru yduldeohv/ vxfk dv wkh h{fkdqjh udwh/ rc iruhljq lq dwlrq udwh/
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c dqg wkh iruhljq vkruw0whup lqwhuhvw udwh/ -W
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c duh srwhqwldoo| lpsruwdqw gh0
whuplqdqwv ri wkh ErV ghflvlrqv/ vxjjhvwlqj d srolf| uxoh vxfk dv=
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Dffruglqj wr wklv uxoh wkh fhqwudo edqn zrxog fkdqjh wkh vkruw0whup lqwhuhvw
udwh -
r|
uhodwlyh wr wkh iruhljq udwh -W
r|
zkhq grphvwlf lq dwlrq h{fhhgv iruhljq
lq dwlrq dqg zkhq wkh h{fkdqjh udwh kdv pryhg dzd| iurp lwv wdujhw ydoxh1 Iurp
dq hfrqrphwulf srlqw ri ylhz wkh iruhljq uhdfwlrq uxoh lv frpsohphqwdu| wr +616,
li W
|
 UEf Lq wklv fdvh zh pljkw h{sodlq pruh ri wkh fkdqjhv lq vkruw0whup
lqwhuhvw udwhv e| dgglqj wkh iruhljq ghwhuplqdqwv/ exw +616, zrxog uhpdlq d ydolg
frlqwhjudwlqj uhodwlrq1 Zh h{shfw wkh iruhljq ghwhuplqdqwv wr kdyh ehfrph pruh
uhohydqw lq wkh HPV shulrg1
Lqwhuhvw udwh uhodwlrqv1 Wkh Ilvkhu sdulw| suhglfwv wkdw wkh vkruw0whup lqwhuhvw
udwhv ghshqgv rq h{shfwhg lq dwlrq dqg wkh h{shfwdwlrqv k|srwkhvlv wkdw vkruw
lqwhuhvw udwh ghwhuplqhv wkh orqj lqwhuhvw udwh/ e G
-
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’ H
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E{R
|n n -6| +617,
dqg
-
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6|
n 
-K|
c +618,
zkhuh H
|
E{R
|n lv wkh h{shfwhg fkdqjh lq lq dwlrq dw wlph |1 Hpslulfdo vxssruw
zrxog jhqhudoo| uhtxluh wkdw 
-6|
 UEfc dqg 
-K|
 UEf lpso|lqj rqh frp0
prq vwrfkdvwlf wuhqg gulylqj erwk lq dwlrq udwh dqg lqwhuhvw udwhv1 Krzhyhu/ wkh
qglqj wkdw +-
6
 -
K

|
 UEc fdq eh frqvlvwhqw zlwk wkh suhglfwlrqv iurp wkh
h{shfwdwlrq*v k|srwkhvlv ru wkh Ilvkhu sdulw|/ li .
|
E{R
|nK  {R|n6c lv dq UE
surfhvv/ zkhuh .
|
E{R
|nK lv wkh h{shfwhg ixwxuh lq dwlrq dw wkh pdwxulw| ri wkh
erqg dqg .
|
E{R
|n6 lv wkh h{shfwhg vkruw0whup lq dwlrq udwh1
Lq d vpdoo fdslwdo ghuhjxodwhg hfrqrp| rqh zrxog h{shfw wkh iruhljq +zruog,
ohyho ri lqwhuhvw udwhv wr hvvhqwldoo| ghwhuplqh wkh grphvwlf ohyho/ doehlw zlwk wkh
dgglwlrq ri d frxqwu| vshflf ulvn suhplxp1 Ehfdxvh fhqwudo edqnv fdq dhfw
wkh vkruw0whup lqwhuhvw udwh/ exw qrw +ru wr d pxfk ohvvhu h{whqw, wkh orqj0whup
lqwhuhvw udwh/ rqh zrxog h{shfw wkh orqj0whup erqg udwhv wr eh pdunhw ghwhuplqhg
wkurxjk wkh LU =
-
K|
’ -W
K|
n .
|
{r
|nK n 
W
-K|

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zkhuh .
|
{r
|nK lv wkh h{shfwhg fkdqjh lq wkh vsrw h{fkdqjh udwh dw wkh pdwxulw| ri
wkh erqg Lq wkh suh0HPV shulrg Vsdlq pdlqwdlqhg uhvwulfwlrqv rq fdslwdo pryh0
phqwv/ dgrswhg wkh 9( edqgv ri wkh .- lq 4<;</ exw zdv irufhg wr ghydoxh wkh
shvhwdv wzlfh dv d uhvxow ri wkh h{fkdqjh fulvlv lq odwh 4<<5/ zklfk lq 4<<6 uhvxowhg
lq dq lqfuhdvh ri wkh .- fxuuhqf| edqgv wr D(1 Edvhg rq wklv zh h{shfw wkh
Vsdqlvk erqg pdunhw wr kdyh ehhq vwurqjo| h{srvhg wr iruhljq frpshwlwlrq rqo|
diwhu wkh hqwudqfh lq wkh HPV1
Djjuhjdwh lqfrph1 Wkh U7 uhodwlrqvkls suhglfwv wkdw wuhqg0dgmxvwhg uhdo dj0
juhjdwh lqfrph lv qhjdwlyho| uhodwhg wr wkh orqj0whup uhdo lqwhuhvw udwh1 Lq dggl0
wlrq/ wuhqg0dgmxvwhg uhdo lqfrph fdq eh frlqwhjudwhg zlwk lq dwlrq lq d vkruw0uxq
Skloolsv fxuyh uhodwlrqvkls/ dowhuqdwlyho| ghpdqg suhvvxuh uhodwlrqvkls1 Vhh iru lq0
vwdqfh Khqgu| dqg Pl}rq +4<<6, dqg Mxvholxv +4<<9,1 Wkh iroorzlqj vshflfdwlrq
dffrxqwv iru erwk dowhuqdwlyhv=
+
|
’ Ke  |oe?_n KD-K| n KS{R| n +| +619,
zkhuh Ke  f/ KD 	 fc KD ’ KS dqg +|  UEf zrxog eh frqvlvwhqw zlwk wkh U7
fxuyh/ zkhuhdv KD ’ f dqg KS : f zrxog eh frqvlvwhqw zlwk wkh vkruw0uxq Skloolsv
fxuyh1 Zlwk iruhljq yduldeohv lqfoxghg lq wkh dqdo|vlv wkh iroorzlqj k|srwkhwlfdo
uhodwlrq zrxog qhhg wr eh dgghg wr wkh dqdo|vlv=
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ghvfulelqj wkh hhfw ri h{sruw ghpdqg rq grphvwlf lqfrph dv d ixqfwlrq ri iruhljq
uhdo dfwlylw|/ +W
|
c dqg wkh ohyho ri frpshwlwlyhqhvv RRR
|
 Wkh ghpdqg iru h{sruw lv
fohduo| lpsruwdqw iru uhdo lqfrph ghwhuplqdwlrq lq Vsdlq dqg +619, lv/ wkhuhiruh/
olnho| wr surylgh rqo| d sduwldo h{sodqdwlrq1
Sulfhv1 Lq wkh hpslulfdo dqdo|vlv zh qg wkdw {R  UE dqg/ khqfh/ R  UE2
Wklv jlyhv wkh udwlrqdoh iru glvwlqjxlvklqj ehwzhhq wkh orqj0uxq ghwhuplqdwlrq
ri wkh sulfh ohyho dqg wkh phglxp0uxq ghwhuplqdwlrq ri wkh lq dwlrq udwh1 Wkh
txdqwlw| wkhru| ri prqh| suhglfwv wkdw wkh sulfh ohyho lv uhodwhg wr 6 +c e wr
prqhwdu| h{sdqvlrq lq h{fhvv ri uhdo surgxfwlyh jurzwk1 Li 6 R +  UE/ zh
h{shfw wkh lq dwlrq udwh wr dgmxvw wr ghyldwlrqv iurp wklv vwhdg| vwdwh1 Dffruglqj
wr wkh vkruw0uxq Skloolsv fxuyh/ lq dwlrq lqfuhdvhv zlwk h{fhvv djjuhjdwh ghpdqg1
Ilqdoo|/ li wkh ErV srolf| uxoh +615, lv hhfwlyh zh h{shfw lq dwlrq wr idoo zkhq
prqhwdu| srolf| lv vwulfw dqg ulvh zkhq lw lv orrvh1 Lq whupv ri frlqwhjudwlrq
+614,0+618, frqwdlq wkhvh k|srwkhvhv dv vshfldo fdvhv1
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71 Wkh vwdwlvwlfdo prgho
Wkh edvholqh YDU prgho lv jlyhq e|=
{2%
|
’ K{
2%
|3 n K{%|3 n%|3 nx(| n >f n >| n 0|c
0
|
 
R
EfcP c | ’ c c A
+714,
zkhuh %
|
lv d R   yhfwru ri yduldeohv lq wkh v|vwhp/ | lv d ghwhuplqlvwlf wuhqg/
dqg wkh sdudphwhuv X ’ iKcKccxc >fc >fcPj duh xquhvwulfwhg1 Wkh yhfwru (|
frqwdlqv fhqwhuhg vhdvrqdo gxpplhv dqg lqwhuyhqwlrq gxpplhv1
Orqj0uxq sulfh krprjhqhlw| lv lpsruwdqw iru xqghuvwdqglqj wkh hhfwv ri h{0
fhvv prqh| ghpdqg rq sulfh lq dwlrq1 Ehfdxvh sulfhv dqg qrplqdo prqh| vwrfn
hpslulfdoo| ehkdyh dv UE2 yduldeohv zh vwduw zlwk wkh frqglwlrqv iru wkh UE2
prgho1
Wkh k|srwkhvlv wkdw %
|
lv UE2 lv irupxodwhg dv wzr uhgxfhg udqn k|srwkhvhv
+Mrkdqvhq/ 4<<4,=
 ’ kq  +715,
dqg
k
z
Kq
z
’ l#c +716,
zkhuh kc q duh R o dqg lc # duh R o r pdwulfhv1 Wkh olqhdu wuhqg frh!flhqw
>

lv uhvwulfwhg wr rREkc l1h1 k
z
>

’ f Zh fdq ghqh wkh iroorzlqj pdwulfhv
k ’ kzl dqg qz ’ qz# dqg wkh ruwkrjrqdo frpsohphqwv ri Ekc kz dqg Eqc qz
uhvshfwlyho|1 Wkh prylqj dyhudjh uhsuhvhqwdwlrq lv jlyhq e|=
%
|
’ 2
|S
r'
rS
'
0

n 2

2
>
f
|2 n 2x
|S
r'
rS
'
(

n 
|S
r'
0
r
nx
|S
r'
(
r
n 8f|nnt| n n|c | ’ c c A
+717,
zlwk
2 ’ q
z2
Ek
z2
[q 
z2
3k

z2
+718,
t
|
ghqhv wkh vwdwlrqdu| sduw ri wkh surfhvv/ dqg  dqg  duh ixqfwlrqv ri wkh
lqlwldo ydoxhv %fc %3c c %3&n Wkh olqhdu wuhqg 8f|c 8f ’ s2EXc frqvlvwv ri d
frpsrqhqw ruljlqdwlqj iurp k
z
>
f
9’ f/ l1h1 olqhdu wuhqgv lq wkh frpprq wuhqgv/
dqg dqrwkhu iurp k>

9’ fc l1h1 iurp d olqhdu wuhqg lq q Vhh Mrkdqvhq +4<<5/4<<8,/
Udkehn hw1do1 +4<<<, dqg Sduxror +4<<9, iru ixuwkhu ghwdlov1
Lw dsshduv iurp +717, wkdw wkh frqvwdqw whup/ li xquhvwulfwhg/ doorzv iru txdgudwlf
dqg olqhdu wuhqgv lq wkh gdwd1 Olqhdu wuhqgv zrxog fruuhvsrqg wr .E{R ’ Z 9’ fc
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zklfk vhhpv d uhdvrqdeoh dvvxpswlrq/ zkhuhdv txdgudwlf wuhqgv lq sulfhv fruuh0
vsrqg wr .E{R ’ ZnZ2| c EZc Z2 9’ f Dowkrxjk d olqhdu wuhqg lq lq dwlrq udwh
pd| zrun dv d orfdo dssur{lpdwlrq ryhu vkruw shulrgv ri wlph/ vxfk dq dvvxpswlrq
fdq kdug| eh mxvwlhg ryhu orqjhu shulrgv1 Wklv lv wkh prwlydwlrq iru lpsrvlqj
wkh d sulrul uhvwulfwlrq k

z2
>
f
’ f Dv vkrzq lq Udkehn hw1do1 +4<<<, wklv prgho
gholyhuv vlplodu lqihuhqfh iru wkh ghwhuplqdwlrq ri wkh udqn lqglfhv1
Wkh k|srwkhvlv wkdw %
|
lv UE lv irupxodwhg dv wkh uhgxfhg udqn k|srwkhvhv
ri +715, dqg wkh ixoo udqn ri +716,1
Wkh prylqj dyhudjh uhsuhvhqwdwlrq ri wkh UE prgho ghqhv %
|
dv d ixqfwlrq
ri 0
|
/ wkh lqlwldo ydoxhv ffc dqg wkh yduldeohv lq (| dqg lv jlyhq e|=
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Ek
z
Kq
z
3k
z
c WEu lv dq lqqlwh sro|qrpldo lq wkh odj rshudwru
uc dqg  lv d ixqfwlrq ri wkh lqlwldo ydoxhv1
81 Wkh hpslulfdo prgho
Prgho +714, lv hvwlpdwhg zlwk wzr odjv dqg d olqhdu wuhqg uhvwulfwhg wr olh lq wkh
frlqwhjudwlrq vsdfh prwlydwhg e| wkh vkruw0uxq Skloolsv fxuyh 2 ghpdqg suhvvxuh
uhodwlrq +619,1 Wkh yduldeohv duh ghqhg e|=
%
|
’ d6c Rc +c -
6
c -
K
o
|
c | ’ 4<:7=704<<7=7
zkhuh6 lv wkh orj ri wkh prqhwdu| djjuhjdwh6/ R lv wkh orj ri wkh Uc + lv wkh
orj ri uhdo C(c -
6
lv wkh udwh ri uhwxuq rq/ -
K
lv wkh |lhog rq phglxp0whup
erqgv1 Erwk lqwhuhvw udwhv duh glylghg e| 733 wr pdnh wkh hvwlpdwhg frh!flhqwv
frpsdudeoh zlwk orjdulwkplf txduwhuo| fkdqjhv1
Wkh prgho lqfoxghv wzr wudqvlwru| lpsxovh gxpplhv ghqhg dv Gl{{| @ 4
lq 4<{{ Txduwhub|/ 04 lq 4<{{Txduwhub|.4/ 3 rwkhuzlvh/ dqg wkuhh shupdqhqw
lpsxovh gxpplhv ghqhg dv G{{| @ 4 lq 4<{{Txduwhub|/ 3 rwkhuzlvh/ wr dffrxqw
iru wkh iroorzlqj vljqlfdqw uhirupv dqg lqwhuyhqwlrqv=
Gl:96 @ Wkh odujh lpsdfw ri wkh prqhwl}dwlrq ri jryhuqphqw ghew rq prqh|
vwrfn1
Gl:<4 @ Wkh vwduw ri wkh HPV zlwk < sduwlflsdwlqj frxqwulhv
G;:5 @ Wkh uhprydo ri wkh fhlolqj rq lqwhuhvw udwhv wkdw fuhglw lqvwlwxwlrqv
frxog sd| rq vljkw ghsrvlwv1
6Wkh hpslulfdo dqdo|vlv lv edvhg rq P6 lqvwhdg ri DOS ehfdxvh ri wkh yhu| forvh vxevwl0
wxwdelolw| ehwzhhq dvvhwv lqvlgh dqg rxwvlgh DOS glvfxvvhg lq Vhfwlrq 5141
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G<57 @ Wkh ghydoxdwlrq ri wkh shvhwd lq Vhswhpehu dqg Qryhpehu 4<<51
Wkh vdpsoh lv glylghg lqwr wzr shulrgv/ 4<:7=704<;<=4 dqg 4<;<=404<<9=61 Wkh
prwlydwlrq iru wkh vsolw lv sduwo| hfrqrphwulf= vwurqj hylghqfh ri sdudphwhu qrq0
frqvwdqf| dw durxqg 4<;</ dqg sduwo| hfrqrplf= glg prqhwdu| phfkdqlvpv fkdqjh
+dqg krz, diwhu Vsdlq mrlqhg wkh HPV1 Zh zloo lqyhvwljdwh wklv hpslulfdoo| e| glv0
wlqjxlvklqj ehwzhhq E fkdqjhv lq wkh orqj0uxq frh!flhqwv q dqg E fkdqjhv
lq wkh dgmxvwphqw frh!flhqwv k Ri sduwlfxodu lqwhuhvw duh }hur/ qrq}hur sdudp0
hwhu fkdqjhv/ l1h1 fkdqjhv lq frlqwhjudwlqj surshuwlhv wkdw vljqdo fkdqjhv lq wkh
ixqfwlrqlqj ri wkh pdunhwv1
8141 Vshflfdwlrq whvwv
Dv d jhqhudo fkhfn ri wkh vwdwlvwlfdo dghtxdf| ri wkh prgho zh uhsruw erwk pxowl0
yduldwh dqg xqlyduldwh plvvshflfdwlrq whvwv iru hdfk vxe0vdpsoh lq Wdeoh 8151 D
vljqlfdqw whvw vwdwlvwlf lv jlyhq lq erog idfh1
Iru erwk shulrgv doo plvvshflfdwlrq whvwv duh dffhswdeoh/ h{fhsw iru vrph lqgl0
fdwlrq ri DUFK hhfwv lq qrplqdo prqh| lq wkh uvw shulrg1 Vlqfh frlqwhjudwlrq
uhvxowv duh jhqhudoo| urexvw wr khwhurvfhgdvwlf uhvlgxdov/ zh frqfoxgh wkdw wkh hp0
slulfdo prghov duh dffhswdeoh ghvfulswlrqv ri wkh gdwd1 Wkh -2 duh jhqhudoo| kljk
dqg frpsduhg zlwk wkh vpdoo ydoxhv ri 	j
0
vxjjhvwv wkdw wkh prgho fdq h{sodlq
prvw ri wkh yduldwlrq lq wkh gdwd1
Wkh vljqlfdqfh ri d uhjlph fkdqjh dw wkh hqwudqfh lq wkh HPV zdv whvwhg zlwk
dq u- whvw dssur{lpdwho| glvwulexwhg dv 2Evc zkhuh v lv wkh wrwdo qxpehu ri
hvwlpdwhg sdudphwhuv lq wkh frlqwhjudwhg T - prgho xqghu wkh qxoo ri frqvwdqw
sdudphwhuv1 Ehfdxvh wkh T - prgho lv edvhg rq wzr odjv/ wkh hhfwlyh vdpsoh
vl}h iru wkh frqglwlrqdo gdwd yhfwru ~%
|
m %
|3c %|32j lv wzr revhuydwlrqv ohvv wkdq
iru %
|
1 Zkhq vsolwwlqj wkh vdpsoh dw 4<;<=4 zh fdq hlwkhu xvh 4<;<=405 dv lqlwldo
ydoxhv ru frqglwlrq rq 4<;;=6071 Wkh vxp ri wkh hhfwlyh vdpsoh vl}h ri hdfk vxe0
shulrg lv A  2 lq wkh uvw fdvh/ exw A lq wkh vhfrqg fdvh/ zkhuh A lv wkh hhfwlyh
vl}h ri wkh ixoo vdpsoh1 Wkh whvw vwdwlvwlfv uhsruwhg lq Wdeoh 815 lv edvhg rq wkh
vhfrqg fdvh1 Lw dsshduv wkdw wkh qxoo ri sdudphwhu frqvwdqf| lv vwurqjo| uhmhfwhg1
8151 Lqwhjudwlrq dqg frlqwhjudwlrq udqn
Wkh frlqwhjudwlrq udqn fdq eh vhhq dv dq lqglfdwlrq ri krz zhoo pdunhwv dg0
mxvw dqg/ wkhuhiruh/ ri pdunhw ghuhjxodwlrq1 Edvhg rq wkh dujxphqwv lq Mxvholxv
+4<<;d/ 4<<<e, zh h{shfw wkdw dw ohdvw wzr frpprq vwrfkdvwlf wuhqgv duh gulylqj
wklv v|vwhp ri prqh|/ sulfhv/ lqfrph dqg lqwhuhvw udwhv> rqh wuhqg dvvrfldwhg zlwk
shupdqhqw qrplqdo vkrfnv dqg wkh rwkhu zlwk shupdqhqw uhdo vkrfnv1 Wklv k|0
srwkhvlv lv pruh sodxvleoh lq d ghuhjxodwhg wkdq d uhjxodwhg hfrqrp|1 Wkhuhiruh/
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Wdeoh 814= Plvvshflfdwlrq whvwv dqg fkdudfwhulvwlf urrwv
Vsdlq L
Pxowlyduldwh whvwv=
Uhvlgxdo dxwrfruu1u 2E2D @ 6:156 s0ydo1 3138
ue 
2E2D @ 551:; s0ydo 3186
Qrupdolw|= u 2Ef @ 45154 s0ydo 315:
Xqlyduldwh whvwv= {6 {R {+ {-
6
{-
K
DUFK+5, 31<; 513; 31;; 4196 3139
Mdut1Ehud+5, <195 314; 5139 418< 317;
	j
0
313374 313383 3133;< 313335 31333<
U2 31;3 31<3 31:; 319: 3179
Hljhqydoxhv ri wkh 0pdwul{= 31:4 3194 3173 3157 3147
Prgxoxv ri 8 odujhvw urrwv
Xquhvwulfwhg prgho= 31<: 31<: 31<6 31<6 3185
o ’  4133 4133 31<; 31;4 318:
o ’ 2 4133 4133 4133 31<; 319<
Vsdlq LL
Pxowlyduldwh whvwv=
Uhvlgxdo dxwrfruu1u 2E2D @ 6;13 s0ydo1 3138
ue 
2E2D @ 4<1; s0ydo 31:9
Qrupdolw|= u 2Ef @ <19 s0ydo 317:
Xqlyduldwh whvwv= {6 {R {+ {-
6
{-
K
DUFK+5, 31;< 4147 31:4 417< 6187
Mdut1Ehud+5, 31;8 4148 31<7 7174 414:
	j
0
313379 313357 313386 313335 313338
U2 31;3 31;3 31;< 31;9 31;3
Hljhqydoxhv ri wkh 0pdwul{= 31;9 3198 3193 3188 3145
Prgxoxv ri 8 odujhvw urrwv
Xquhvwulfwhg prgho= 31<: 31<5 31<5 31;: 31:8
o ’  413 413 31;< 31;< 31;;
o ’ 2 413 413 413 31;7 31;7
Wdeoh 815= Whvwlqj iru d uhjlph vkliw
0orjm 	P m A

0orjm 	P m A

0orjm 	P m A

2Ev bDIUL?u M@?_t
Iluvw shulrg Vhfrqg shulrg Ixoo vdpsoh
85-941:38 63-9:1<<: ;5-94177864 545+438, :80468
4:
rxu suhihuuhg k|srwkhvlv lv io ’ c R  o ’ 2j/ exw lq wkh uvw pruh uhjxodwhg
shulrg o pljkw eh orzhu1
Wkh urrwv ri wkh fkdudfwhulvwlf sro|qrpldo ri wkh T - prgho surylgh xvhixo
lqirupdwlrq zkhq wkhuh duh UE2 ru qhdu UE2 frpsrqhqwv lq wkh gdwd1 Wkh qxpehu
ri xqlw urrwv lq wkh fkdudfwhulvwlf sro|qrpldo lv r n 2r2c zkhuh r dqg r2 duh
wkh qxpehu ri UE dqg UE2 frpprq wuhqgv/ uhvshfwlyho|1 Li wkhuh duh qr UE2
frpsrqhqwv lq wkh gdwd wkh qxpehu ri xqlw urrwv +ru qhdu xqlw urrwv, lv R  o
Lq wdeoh 8141 wkh fkdudfwhulvwlf urrwv duh uhsruwhg iru wkh xquhvwulfwhg T - dqg
wkh T - uhvwulfwhg wr o ’ 2 dqg  Lq wkh uvw shulrg wkhuh uhpdlqv rqh odujh
urrwv dqg lq wkh vhfrqg shulrg wzr odujh urrwv zkdwhyhu ydoxh ri o lv fkrvhq1 Wklv
lv vwurqj hylghqfh ri dw ohdvw rqh vwrfkdvwlf UE2 wuhqg lq wkh uvw shulrg dqg
srvvleo| wzr lq wkh vhfrqg1
Wkh rughu ri lqwhjudwlrq dqg frlqwhjudwlrq fdq eh irupdoo| whvwhg lq wkh UE2
prgho xvlqj wkh olnholkrrg surfhgxuh1 Mrkdqvhq +4<<8, ghulyhg d u- whvw iru wkh
ghwhuplqdwlrq ri r frqglwlrqdo rq o Sduxror +4<<9, h{whqghg wkh whvw surfhgxuh
wr wkh mrlqw ghwhuplqdwlrq ri Eoc r dqg vlpxodwhg wkh qrqvwdqgdug dv|pswrwlf glv0
wulexwlrqv iru wkh prgho zlwk glhuhqw uhvwulfwlrqv rq wkh frqvwdqw whup1 Udkehn/
Nrqjvwhg/ dqg Mßujhqvhq +4<<;, ghulyh wkh qrqvwdqgdug dv|pswrwlf glvwulexwlrqv
iru wuhqg vwdwlrqdulw| lq wkh L+5, prgho1
Wkh whvw vwdwlvwlfv uhsruwhg lq Wdeoh 816 duh edvhg rq wkh YDU prgho zlwk
d wuhqg lq wkh frlqwhjudwlrq vsdfh dqg/ wkhuhiruh/ edvhg rq wkh wdeohv lq Udk0
ehn/ Nrqjvwhg/ dqg Mßujhqvhq +4<<;,71 Wkh whvw surfhgxuh lv edvhg rq wkh mrlqw
ghwhuplqdwlrq ri Eoc r iru wkh prgho zlwk k
z2
> ’ fc l1h1 txdgudwlf wuhqgv duh
qrw doorzhg lq wkh prgho1 Wkh <8( txdqwlohv duh jlyhq lq lwdolfv1 Qrwh wkdw wkh
wdexodwhg ydoxhv duh jhqhudwhg iru d prgho zlwkrxw gxpplhv dqg zlwkrxw vpdoo
vdpsoh fruuhfwlrqv1 Wkhuhiruh/ wkh vl}h ri wkh whvwv lv qrw olnho| wr eh dffxudwh dqg
wkh uhvxowv vkrxog rqo| eh frqvlghuhg lqglfdwlyh1 Wkh frqyhqwlrqdo whvw surfhgxuh
vwduwv zlwk wkh prvw uhvwulfwhg prgho ~o ’ fc r ’ fc r2 ’ Dj lq wkh xsshu ohiw
kdqg fruqhu/ frqwlqxhv wr wkh hqg ri wkh uvw urz/ dqg surfhhgv vlploduo| urz0zlvh
iurp ohiw wr uljkw xqwlo wkh uvw dffhswdqfh1
Dv glvfxvvhg deryh rxu sulru k|srwkhvlv lv io ’ c Ro ’ 2j dqg/ xqohvv wkhuh
lv vwurqj hylghqfh iru pruh wkdq wzr vwrfkdvwlf wuhqgv lq wkh gdwd/ zh zloo edvh
wkh vxevhtxhqw dqdo|vlv rq wklv fkrlfh1
Iluvw shulrg= Lw dsshduv wkdw wkh fdvh ~o ’ c r ’ c r2 ’ j fdqqrw eh
uhmhfwhg1 Lw dovr fruuhvsrqgv wr wkh uvw vwurqjo| dffhswdeoh fdvh dqg wr irxu
xqlw urrwv lq wkh fkdudfwhulvwlf sro|qrpldo/ frqvlvwhqw zlwk wkh qxpehu ri xqlw
urrwv dqg qhdu xqlw urrwv lq Wdeoh 8141 Wkh k dqg kD frh!flhqwv ri wkh
wklug frlqwhjudwlrq yhfwru zhuh vwurqjo| vljqlfdqw/ vxjjhvwlqj vljqlfdqw phdq
7Wkh hvwlpdwhv ri wkh L+5, prgho kdyh ehhq fdofxodwhg zlwk d surfhgxuh ghyhorshg e| F1
Mrujhqvhq zlwklq wkh vriwzduh sdfndjh FDWV iru UDWV/ Kdqvhq dqg Mxvholxv +4<<7,1
4;
Wdeoh 816= Whvwlqj wkh mrlqw k|srwkhvlv K+r/u,
s0u u ’Erc o ’Eo ’Erc o ’Eo
Iluvw shurg Vhfrqg shulrg
8 3 677 589 558 4<8 49< 495 5;5 563 4<: 499 47< 473
4<; 49; 475 453 434 4<; 49; 475 453 434
7 4 56: 4:5 46; 43; <: 4;; 46; 438 ;; ;7
46: 446 <5 :8 96 46: 446 <5 :8 96
6 5 44; ;7 85 7; 457 :8 8: 87
;: 9; 86 75 ;: 9; 86 75
5 6 73 57 55 :8 5< 5:
7; 67 58 7; 67 58
4 7 47 ; 6; ;
53 45 53 45
v2 8 7 6 5 4 3 8 7 6 5 4 3
uhyhuvlrq1 Ehfdxvh wkh fkrlfh ri frlqwhjudwlrq lqglfhv lv fuxfldo iru doo vxevhtxhqw
uhvxowv dqg zh kdyh fkhfnhg wkh vhqvlwlylw| ri rxu uhvxowv +qrw uhsruwhg khuh, iru
wkh fkrlfh ri ~o ’ 2c r ’ 2c r2 ’ j Wkh odwwhu fdvh jhqhudoo| shuiruphg zruvh
rq doo fulwhuld1
Vhfrqg shulrg= Vlqfh wkh vdpsoh lv ohvv wkdq 43 |hduv/ wkh uhvxowv vkrxog
eh lqwhusuhwhg zlwk vrph fdxwlrq1 Rxu sulru k|srwkhvlv ~o ’ c r ’ c r2 ’ j
fdqqrw eh uhmhfwhg dqg/ djdlq/ lv wkh uvw dffhswdeoh fdvh zkhq xvlqj wkh vwdqgdug
surfhgxuh1 Lw fruuhvsrqgv wr irxu xqlw urrwv lq wkh prgho zklfk lv frqvlvwhqw
zlwk wkh irxu qhdu xqlw urrwv lq Wdeoh 8141 Djdlq wkh k frh!flhqwv ri wkh wklug
frlqwhjudwlqj uhodwlrq duh yhu| vljqlfdqw1 Krzhyhu/ zkhq wzr xqlw urrwv duh
lpsrvhg wkuhh idluo| odujh urrwv uhpdlq lq wkh prgho1 Edvhg rq vhqvlwlylw| dqdo|vhv
+qrw uhsruwhg khuh, zh qg wkdw ~o ’ c r ’ c r2 ’ j lv qhyhuwkhohvv wkh ehvw
fkrlfh1
91 Whvwlqj iru orqj0uxq sulfh krprjhqhlw|
Wkh iuhtxhqw sudfwlvh ri lpsrvlqj orqj0uxq sulfh krprjhqhlw| d sulrul zlwkrxw
surshu whvwlqj fdq eh kd}dugrxv lq hpslulfdo prghoolqj1 Wklv lv vr iru wzr uhdvrqv=
Iluvw/ ehfdxvh wkh dqdo|vlv ri qrqvwdwlrqdu| uhdo yduldeohv/ vxfk dv6R dqg +?Rc
lpsolhv wkdw erwk qrplqdo prqh| dqg qrplqdo lqfrph kdyh wr frlqwhjudwh zlwk
sulfhv iurp UE2 wr UEc l1h1 6R dqg +?R kdyh wr eh UE2c  Vhfrqg/ ehfdxvh d
ydolg wudqvirupdwlrq ri wkh UE2 qrplqdo v|vwhp wr d uhdo UE v|vwhp uhtxluhv wkh
lqfoxvlrq ri wkh lq dwlrq udwh1 Wklv zloo eh ghprqvwudwhg lq Vhfwlrq :1 Vhfwlrq 9141
4<
Wdeoh 914= Hvwlpdwhv ri wkh q gluhfwlrqv ri %
|
dqg wkh zhljkwv ri wkh frpprq
vwrfkdvwlf L+5, wuhqg1
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uhsruwv vrph hvwlpdwhv ri wkh UE2prgho dqg glvfxvvhv wkuhh glhuhqw irupxodwlrqv
ri wkh k|srwkhvlv ri orqj0uxq sulfh krprjhqhlw| dqg Vhfwlrq 9151 uhsruwv wkh whvw
uhvxowv1
9141 Uhvwulfwlrqv rq wkh L+5, prgho
Lw lv qdwxudo wr h{suhvv wkh k|srwkhvlv ri sulfh krprjhqhlw| dv uhvwulfwlrqv rq wkh
q frpsrqhqwv ri wkh yhfwru surfhvv/ l1h1 dqc q
z
c q
z2
o +Mxvholxv/ 4<<<e,1 Wkh hvwl0
pdwhv ri q dqg q
z
ghqh wkh UE2c  uhodwlrqv dqg q
z2
ghqh wkh yduldeohv zklfk
duh dhfwhg e| wkh UE2 wuhqgv1 Wkh k|srwkhvlv ri orqj0uxq sulfh krprjhqhlw| fdq
eh irupxodwhg dv=
q 

’ d@

c@

c c c oc  ’ c c oc +914,
q 
z
’ dKcKc c c oc +915,
q 
z2
’ dSc Sc fc fc fo +916,
Uhvwulfwlrq +916, lv ydolg xqghu dvvxpswlrq wkdw qrplqdo prqh| dqg sulfhv dorqh
duh dhfwhg e| wkh UE2 wuhqg1 Vhh iru lqvwdqfh wkh glvfxvvlrq lq Mxvholxv +4<<<d,1
Lq wdeoh 914 zh uhsruw wkh hvwlpdwhv ri ~qc q
z
c q
z2
c k
z2j Iru erwk shulrgv
wkh hvwlpdwhv duh edvhg rq ir ’ c r2 ’ j1 Edvhg rq wkh hvwlpdwhv 	qc wkh orqj0
uxq krprjhqhlw| k|srwkhvlv +914, grhv qrw jhw pxfk hpslulfdo vxssruw1 Lq wkh
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Iljxuh 914= Wkh judskv ri qrplqdo p6 dqg lpsolflw sulfh gh dwru +xsshu okv,/
|hduo| fkdqjhv lq qrplqdo p6 dqg sulfhv +xsshu ukv,/ uhdo JGS dqg uhdo p6
+orzhu okvo,/ dqg |hduo| fkdqjhv lq uhdo JGS dqg p6 +orzhu ukv,1
uvw shulrg rqo| 	q

lv vrphzkdw forvh wr sulfh krprjhqhlw|/ zkhuhdv wkh sulfh
yduldeoh lv pruh ru ohvv devhqw lq erwk 	q
2
dqg 	q

1 Lq wkh vhfrqg shulrg rqo|
	q
2
lv dssur{lpdwho| frqvlvwhqw zlwk sulfh krprjhqhlw|1 Wkh frh!flhqwv lqglfdwh
wkdw P6 prqh| vwrfn kdv jurzq pxfk idvwhu wkdq sulfhv lq wkh uvw shulrg1 Wklv
lv vxssruwhg e| wkh judsklfdo glvsod| lq wkh xsshu sdqhov ri Iljxuh 914 vkrzlqj
wkdw/ h{fhsw iru wkh uvw ihz |hduv diwhu wkh rlo fulvhv/ prqh| vwrfn +P6, kdv jurzq
idvwhu wkdq sulfhv ryhu wkh zkroh vdpsoh shulrg1
Wkh k|srwkhwlfdo krprjhqhlw| uhvwulfwlrq +915, ri q
z
grhv qrw vhhp wr kdyh
pxfk hpslulfdo vxssruw lq wkh wzr shulrgv1 Lqvwhdg/ wkh hvwlpdwhv vxjjhvw d
uhodwlrq ehwzhhq qrplqdo prqh| dqg uhdo lqfrph1 Qrwh/ krzhyhu/ wkdw q
z
ghqhv
d UE2c  uhodwlrq dqg/ khqfh/ erwk 6 dqg + kdyh wr eh UE2 iru q 
z
%
|
wr eh
UE2c  hfrqrphwulfdoo| Vlqfh q 
z
%
|
fdq rqo| ehfrph vwdwlrqdu| e| glhuhqflqj/
wkh uhvxow vxjjhvwv wkdw {6 dqg {+ kdyh pryhg lq rssrvlwh gluhfwlrqv Wkh
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judsklfdo slfwxuh ri wkh |hduo| jurzwk udwhv lq wkh orzhu u1k1v1 sdqho ri Iljxuh 914
vxssruw wklv qglqj1 D srvvleoh lqwhusuhwdwlrq lv wkdw wkh ErV kdv uhgxfhg prqh|
vwrfn wr fxue h{fhvv uhdo lqfrph jurzwk ryhu wkh exvlqhvv f|foh1
Frqvlvwhqw zlwk wkh deryh uhvxowv/ wkh orqj0uxq krprjhqhlw| uhvwulfwlrq +916,
grhv qrw vhhp wr eh hpslulfdoo| vdwlvhg1 Ixuwkhupruh/ uhdo lqfrph kdv d odujh
frh!flhqw +sduwlfxoduo| lq wkh vhfrqg shulrg, djdlqvw wkh k|srwkhwlfdo }hur frhi0
flhqw1 Vlqfh wkh hvwlpdwhv ri q
z2
ghwhuplqh wkh ordglqjv ri wkh UE2 wuhqg wr
wkh yduldeohv ri wkh v|vwhp/ wklv vxjjhvwv wkdw uhdo lqfrph lv hpslulfdoo| UE2 lq
wklv shulrg1 Dv d uvw fkhfn ri wklv k|srwkhvlv zh lqyhvwljdwh zkhwkhu wkh prqh|
yhorflw| wudqvirupdwlrq lv deoh wr fdqfho wkh UE2 wuhqgv/ l1h1 zkhwkhu yhorflw| lv
UE2c  Wkh uhvxow iru wkh uvw shulrg lv jlyhq e|=
6 R + ’ ES n 2S fbk
z2
PP0

n UE dqg UEf frpsrqhqwv
dqg iru wkh vhfrqg shulrg e|=
6 R + ’ ESD n e Dk
z2
PP0

n UE dqg UEf frpsrqhqwv1
Lq wkh suh0HPV shulrg wkh frh!flhqwv dgg dssur{lpdwho| wr }hur vxjjhvwlqj wkdw
yhorflw| lv UE Lq wkh HPV shulrg wkh frh!flhqwv gr qrw dgg wr }hur dqg wkh
yhorflw| wudqvirupdwlrq grhv qrw vhhp wr eh UE2c  Wkh vhqvlwlylw| ri wklv uhvxow
kdv ehhq fduhixoo| fkhfnhg iru glhuhqw fkrlfhv ri o dqg rc exw wkh frqfoxvlrq
uhpdlqv1 Wkh judsklfdo slfwxuh ri uhdo P6 dqg uhdo JGS lq wkh orzhu o1k1v1 sdqho
ri Iljxuh 914 vxssruwv wklv lqwhusuhwdwlrq1
Iurp +718, lw fdq eh vhhq wkdw k
z2 ghwhuplqhv wkh frpprq vwrfkdvwlf wuhqgv
ghqhg e| k
z2
PP0

 Wkh hvwlpdwhv lq Wdeoh 914 vkrz wkdw wkh wzlfh fxpxodwhg
glvwxuedqfhv iurp wkh wzr lqwhuhvw udwhv kdyh wkh juhdwhvw zhljkwv lq wkh UE2
wuhqg1 Vlplodu uhvxowv kdyh ehhq irxqg iru Ghqpdun +Mxvholxv/ 4<<;e, dqg iru
Lwdo| +Mxvholxv dqg Jhqqdul/ 4<<<,1 Ehfdxvh wkh frh!flhqwv duh dssur{lpdwho|
htxdo zlwk rssrvlwh vljqv/ wkh uhvxow lqglfdwhv wkdw wkh wzlfh fxpxodwhg vkrfnv wr
wkh vsuhdg kdyh d pdmru lpsdfw rq wkh orqj0uxq vwrfkdvwlf qrplqdo wuhqg lq wklv
shulrg1 Qrwh/ krzhyhu/ wkdw wkh vljq kdyh fkdqjhg ehwzhhq wkh wzr shulrgv1
Dowrjhwkhu/ wkh frqyhqwlrqdo h{sodqdwlrq ri orqj0uxq wuhqgv lq sulfhv ehlqj
fdxvhg e| h{fhvv prqh| grhv qrw vhhp dssursuldwh wr h{sodlq wkh ghyhorsphqw
ri qrplqdo prqh| dqg sulfhv lq wklv shulrg1 Lq wkh uvw shulrg wkhuh lv hylghqfh
ri frqyhujhqfh ehwzhhq qrplqdo prqh|/ sulfhv dqg uhdo lqfrph/ zkhuhdv lq wkh
vhfrqg shulrg wklv lv pruh txhvwlrqdeoh1 Wkh hpslulfdo uhvxow wkdw uhdo lqfrph lv
qhhghg +lq dgglwlrq wr qrplqdo P6, wr dffrxqw iru wkh orqj0uxq wuhqg lq sulfhv
vxjjhvwv wkdw wkh idvw h{sdqvlrq ri wkh jryhuqphqw vhfwru dqg wkh reoljdwlrq ri
wkh fhqwudo edqn wr prqhwl}h jryhuqphqw ghew sod|hg dq lpsruwdqw uroh iru wkh
udslg jurzwk ri C(c sduwlfxoduo| lq wkh uvw shulrg1
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Wdeoh 915= Orqj0uxq sulfh sursruwlrqdolw| whvwv lq wkh uvw shulrg
K|srwkhvhv eoJ_ U eoJ_ UU
q ’ iM

j 2ED s0ydo  2ED s0ydo 
K M

’ d@

c@

c c c c o 4618+6, 3133 ;1;+6, 3136
q ’ iM

c j 2ED s0ydo  2ED s0ydo 
K2 M2 ’ dcc fc fc fc o 4415+5, 3133 613+5, 3156
K M ’ dfc fc c fc fc o 451;+5, 3133 515+5, 3166
Ke M ’ dccc fc fc o 31<+5, 3197 519+5, 315:
9151 K|srwkhvhv whvwlqj
Iru erwk shulrgv/ wkh txlwh odujh frh!flhqwv ri uhdo lqfrph lq q
z2
prwlydwhv
ixuwkhu lqyhvwljdwlrq1 Wkuhh k|srwkhvhv zloo eh irupdoo| whvwhg=
+l, Fdq uhdo prqh| vwrfn eh frqvlghuhg UEq
+ll, Fdq uhdo djjuhjdwh lqfrph eh frqvlghuhg UEq
+lll, Fdq yhorflw| ru dq| frpelqdwlrq ehwzhhq uhdo prqh| dqg uhdo lqfrph eh
frqvlghuhg UEq
Wkh whvwv duh edvhg rq vwdqgdug whvw surfhgxuhv ghyhorshg iru wkh UE prgho1
Dffhswdqfh ri k|srwkhvhv/ krzhyhu/ lpsolhv frlqwhjudwlrq iurp UE2 wr UE +srv0
vleo| UEf,/ l1h1 wkh frlqwhjudwhg uhodwlrqv duh UE2c  +ru srvvleo| UE2c 2,1
Wkh uvw k|srwkhvlv K whvwv irupdoo| zkhwkhu sulfh krprjhqhlw| fdq eh lp0
srvhg rq doo frlqwhjudwlrq yhfwruv1 Lw lv ri wkh irup q ’ iMj1 Wkh k|srwkhvhv
K2Ke duh ri wkh irup q ’ iMc jc l1h1 wkh| whvw uhvwulfwlrqv rq d vlqjoh yhfwru
dqg ohdyh wkh rwkhu yhfwruv xquhvwulfwhg1 Vhh Mrkdqvhq dqg Mxvholxv +4<<5, iru
ixuwkhu ghwdlo1 Wkh uhvxowv duh suhvhqwhg lq Wdeoh 9151
Dv h{shfwhg/ wkh k|srwkhvlv K ri ryhudoo orqj0uxq sulfh krprjhqhlw| lq wkh
frlqwhjudwlrq vsdfh lv fohduo| uhmhfwhg iru erwk shulrgv/ exw ohvv vwurqjo| vr iru
wkh vhfrqg shulrg1 Wkh k|srwkhvhv K2 dqg Kc wkdw wuhqg0dgmxvwhg uhdo prqh|
vwrfn dqg uhdo lqfrph duh UEc duh uhmhfwhg lq wkh uvw shulrg/ exw qrw lq wkh
vhfrqg1 Wkh yhorflw| k|srwkhvlv Ke lv qrw uhmhfwhg lq wkh uvw qru wkh vhfrqg
shulrg1 Dowrjhwkhu wkh uhvxowv duh lq dffrugdqfh zlwk wkh uhvxowv lq Wdeoh 914 iru
wkh uvw shulrg/ exw dffhswlqj uhdo prqh|/ uhdo lqfrph/ dqg yhorflw| wr eh UE lq
wkh vhfrqg shulrg lv pruh vxusulvlqj1 Krzhyhu/ wkh yhu| vpdoo vdpsoh vl}h lq wkh
vhfrqg vdpsoh pljkw kdyh surgxfhg d odujh yduldqfh ri wkh whvw vwdwlvwlf1
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:1 Wkh L+4, prgho
Lq wkh lghdo fdvh ri ryhudoo orqj0uxq sulfh krprjhqhlw| dqg uhdo lqfrph ehlqj
UEc wkh prgho fdq eh wudqviruphg lqwr wkh UE prgho zlwkrxw orrvlqj dq| gdwd
lqirupdwlrq e| xvlqj hlwkhu ri wkh iroorzlqj gdwd yhfwruv=
%
|
’ d6 Rc +c{Rc -
6
c -
K
o
|
%
|
’ d6 Rc +c{6c-
6
c -
K
o
|
Krzhyhu/ ryhudoo orqj0uxq krprjhqhlw| zdv uhmhfwhg lq erwk shulrgv dqg uhdo
lqfrph zdv irxqg wr eh UE2 dw ohdvw lq wkh uvw shulrg1 Edvhg rq wkh uhvxowv ri
Wdeoh 915/ ht1 +:14, zrxog fruuhvsrqg wr dq UE prgho iru wkh vhfrqg shulrg/ exw
vrph gdwd lqirupdwlrq zrxog eh orvw/ lq sduwlfxodu wkh lqirupdwlrq uhohydqw iru
h{sodlqlqj wkh qrq0krprjhqhrxv pryhphqwv lq qrplqdo prqh| dqg sulfhv1 Iru
wkh uvw shulrg +:14, zrxog vwloo eh UE2 Rqo| wkh yhorflw| wudqvirupdwlrq zloo ohdg
wr dq UE prgho1 Wklv fdq eh dfklhyhg e| hlwkhu ri wkh iroorzlqj wudqvirupdwlrqv=
%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Wkh gdwd yhfwru +:15, zdv fkrvhq iru wkh vxevhtxhqw prgho dqdo|vlv iru wkh
uvw shulrg1 Iru wkh vhfrqg shulrg wkh prgho dqdo|vlv zdv shuiruphg edvhg rq
erwk +:14, dqg +:15,1 Ehfdxvh wkh pdmru qglqjv zhuh xqdhfwhg lq erwk fdvhv
zh kdyh fkrvhq wr uhsruw wkh uhvxowv edvhg rq +:15, wr idflolwdwh wkh frpsdudwlyh
dqdo|vlv1 Ehfdxvh wkh olnholkrrg ixqfwlrq ri wkh yhorflw| wudqviruphg prgho lv qr
orqjhu htxlydohqw wr wkh qrplqdo prgho ri Vhfwlrq 8 zh kdyh uhfdofxodwhg wkh
plvvshflfdwlrq whvwv1 Qr vljq ri plvvshflfdwlrq uhpdlqhg1 Iru wkh uvw shulrg
wkh odujhvw xquhvwulfwhg urrw lq wkh prgho edvhg rq +915, zdv 31;7/ iru wkh vhfrqg
lw zdv 31;61
Qrwh wkdw wkh fkrlfh ri wkh yhorflw| wudqvirupdwlrq +:15, lpsrvhv d sulrul d xqlw
orqj0uxq lqfrph frh!flhqw lq wkh prqh| ghpdqg uhodwlrq dqg/ khqfh/ h{foxghv
wkh srvvlelolw| wr whvw wkh ErV hvwlpdwh ri 41:1 Lq wklv vhqvh zh kdyh iurp wkh
rxwvhw fkrvhq wr h{sodlq prqh| yhorflw|/ lq dwlrq dqg uhdo jurzwk lqvwhdg ri uhdo
prqh|/ uhdo lqfrph/ dqg lq dwlrq1
:141 Devhqfh ri orqj0uxq ihhg0edfn
Zh uhsruw wkh uhvxowv ri whvwlqj wkh devhqfh ri orqj0uxq ihhg0edfn +l1h1 orqj0uxq
zhdn h{rjhqhlw|, erwk iru o ’ 2 dqg 6 dv d vhqvlwlylw| fkhfn1 Wkh whvwv/ irupxodwhg
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Wdeoh :14= Whvwlqj iru zhdn h{rjhqhlw|
u p0s0| {s {) U
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dv -k ’ f zkhuh - lv d xqlw yhfwru/ duh dssur{lpdwho| glvwulexwhg dv 2Eo Wkh
uhvxowv duh uhsruwhg lq Wdeoh :14 zkhuh lqvljqlfdqw whvw ydoxhv duh lqglfdwhg zlwk
erog idfh1
Wkh erqg udwh lv irxqg wr eh zhdno| h{rjhqrxv iru wkh orqj0uxq sdudphwhuv q
lq erwk shulrgv/ zkhuhdv wkh vkruw0whup prqh| lqwhuhvw udwh lv zhdno| h{rjhqrxv
lq wkh HPV exw qrw lq wkh suh0HPV shulrg1 Li o ’ 2/ wkhq erwk lqwhuhvw udwhv
zrxog kdyh ehhq zhdno| h{rjhqrxv lq wkh zkroh shulrg1 Wklv lv frqvlvwhqw zlwk
wkh vwurqj zhljkwv ri wkh lqwhuhvw udwhv lq 	k
z2 glvfxvvhg lq wkh suhylrxv vhfwlrq1 Lw
ghprqvwudwhv wkh fuxfldo uroh qrplqdo lqwhuhvw udwhv kdyh sod|hg lq wkh prqhwdu|
wudqvplvvlrq phfkdqlvpv ryhu wkh odvw ghfdghv1 Ehfdxvh wkh vlqjoh k|srwkhvlv
whvwv lq Wdeoh :14 duh qrw lq jhqhudo lqghshqghqw zh dovr whvw wkh k|srwkhvlv ri
wkh vkruw0whup udwh dqg wkh orqj0whup udwh ehlqj mrlqwo| zhdno| h{rjhqrxv1 Wkh
whvw/ glvwulexwhg dv 2ESc jdyh d whvw ydoxh ri <169 +s1ydoxh @ 3148, dqg wkh qxoo
fdq eh dffhswhg1
Wkh uhvxow wkdw erwk lqwhuhvw udwhv pljkw eh zhdno| h{rjhqrxv lv vrphzkdw
vxusulvlqj1 D sulrul rqh zrxog h{shfw wkh vkruw0whup dqg wkh orqj0whup lqwhuhvw
udwhv wr dgmxvw wr hdfk rwkhu dqg/ khqfh/ rqo| rqh ri wkhp wr eh zhdno| h{rjhqrxv1
Ehfdxvh wkh whvw vwdwlvwlf lqfuhdvhg vxevwdqwldoo| lq wkh frpelqhg whvw frpsduhg
wr wkh vlqjoh whvwv/ lw vhhpv olnho| wkdw vrph dgmxvwphqw lqirupdwlrq zrxog eh
orvw li wkh mrlqw uhvwulfwlrqv duh lpsrvhg1 Wkhuhiruh/ lq wkh vxevhtxhqw dqdo|vlv ri
wkh orqj0uxq vwuxfwxuh qr zhdn h{rjhqhlw| uhvwulfwlrqv zloo eh lpsrvhg d sulrul1
Lqvwhdg/ wkh vljqlfdqfh ri wkh dgmxvwphqw frh!flhqwv zloo eh xvhg dv dq lqglfdwlrq
ri zklfk lqwhuhvw udwh lv dgmxvwlqj dqg zklfk lv gulylqj1
:151 Frlqwhjudwlrq surshuwlhv
Wr dvvhvv wkh frlqwhjudwlrq surshuwlhv ri wkh wkhruhwlfdo uhodwlrqv glvfxvvhg lq Vhf0
wlrq 6 zh whvw dowhuqdwlyh vshflfdwlrqv ri d yhorflw| uhodwlrq dqg lqwhuhvw udwhv 2
lq dwlrq uhodwlrq1 Jlyhq wzr vwrfkdvwlf wuhqgv rqh zrxog jhqhudoo| qg frlqwhjud0
wlrq ehwzhhq vhwv ri hlwkhu wzr ru wkuhh yduldeohv1 Wkh sxusrvh ri wkh hpslulfdo
58
whvwlqj lv wr lghqwli| zkhuh dqg krz vwurqjo| frlqwhjudwlrq lv suhvhqw1
Wkh k|srwkhvhv duh ri wkh irup q ’ iM

c 

c 
2
j/ l1h1 zh whvw zkhwkhu d
vlqjoh uhvwulfwhg uhodwlrq lv lq rREq ohdylqj wkh rwkhu wzr uhodwlrqv xquhvwulfwhg1
Hdfk k|srwkhvlv lv whvwhg iru erwk shulrgv1 Li wkh k|srwkhwlfdo uhodwlrqv h{lvwv
hpslulfdoo|/ wkhq wklv surfhgxuh zloo pd{lpl}h wkh fkdqfh ri qglqj wkhp1
Wkhvh whvwv surylgh lqirupdwlrq derxw wkh gluhfw uhodwlrqvkls ehwzhhq/ vd|/ d
srolf| lqvwuxphqw yduldeoh dqg d wdujhw ru d jrdo yduldeoh1 Iru h{dpsoh/ li prqh0
wdu| h{sdqvlrq dozd|v dqg hyhu|zkhuh ohdgv wr lq dwlrq zh zrxog h{shfw lq dwlrq
wr frlqwhjudwh srvlwlyho| hlwkhu zlwk wkh fkdqjh lq uhdo prqh| vwrfn fruuhfwhg iru
olqhdu jurzwk ru wuhqg0dgmxvwhg yhorflw|1 Exw vlqfh prqhwdu| h{sdqvlrq fdq eh
lq dwlrqdu| wkurxjk lqfuhdvhg djjuhjdwh ghpdqg suhvvxuh/ srvlwlyh frlqwhjudwlrq
ehwzhhq lq dwlrq dqg wuhqg0dgmxvwhg uhdo lqfrph fdq dovr eh dq lqglfdwlrq ri
prqhwdu| wudqvplvvlrq hhfwv1 Wkhvh uhodwlrqvklsv duh txlwh olnho| wr fkdqjh uho0
dwlyh wr wkh ghjuhh ri rshqqhvv dqg uhjxodwlrq ri wkh hfrqrplhv dqg/ wkhuhiruh/
fdq surylgh lqirupdwlrq derxw wkh hhfwv ri Hxurshdq lqwhjudwlrq1
Lq wkh yhorflw| sduw ri Wdeoh :141 vhyhudo k|srwkhvhv lqyroylqj yhorflw| duh
whvwhg=
KD whvwv zkhwkhu wkhuh lv hylghqfh ri wkh ghpdqg iru prqh| uhodwlrq +614,1 Lw
lpsrvhv wzr mxvw lghqwli|lqj uhvwulfwlrqv dqg khqfh qr whvwlqj lv lqyroyhg1 Wkh
frh!flhqwv ri wkh wzr lqwhuhvw udwhv vxjjhvw d sodxvleoh prqh| ghpdqg uhodwlrq
iru wkh uvw shulrg= prqh| kroglqjv lqfuhdvhv zlwk lqfuhdvlqj |lhog rq prqh|
dqg ghfuhdvhv zlwk lqfuhdvlqj |lhog rq dowhuqdwlyh dvvhwv1 Lq wkh vhfrqg shulrg
wkh frh!flhqwv ri lqwhuhvw udwhv duh erwk qhjdwlyh vxjjhvwlqj wkdw prqh| kroglqjv
lqfuhdvh zlwk lqfuhdvhv lq erwk |lhogv1 Wklv grhv qrw ghqh d sodxvleoh prqh|
ghpdqg uhodwlrq/ exw pljkw eh h{sodlqhg hpslulfdoo| e| wkh forvh vxevwlwxwdelolw|
ehwzhhq prqh| dvvhwv dqg dowhuqdwlyh dvvhwv lq wklv shulrg glvfxvvhg lq Vhfwlrq 51
KS whvwv wkh k|srwkhwlfdo fhqwudo edqn srolf| uxoh +615,1 Lw lv vwurqjo| dffhsw0
deoh lq erwk shulrgv/ zklfk vxssruwv wkh jhqhudo frqfhswlrq wkdw Edqn ri Vsdlq
kdv suhgrplqdqwo| uholhg rq prqh| vwrfn frqwuro +lq sduwlfxodu lq wkh uvw shulrg,1
Qrwh/ krzhyhu/ wkdw d qhjdwlyh uhodwlrq ehwzhhq lq dwlrq dqg prqh| yhorflw| dovr
fdq eh hylghqfh ri prqh| ghpdqg hhfwv1 Wkh txhvwlrq zkhwkhu KS hpslulfdoo|
ghvfulehv d prqh| ghpdqg uhodwlrq ru d prqhwdu| srolf| uxoh zloo eh dgguhvvhg
lq Vhfwlrq ;1
K. lv prwlydwhg e| wkh vwurqj hpslulfdo hylghqfh ri fr0pryhphqwv ehwzhhq
uhdo lqfrph jurzwk dqg h{sdqvlrq ri prqh| vwrfn ghprqvwudwhg lq Vhfwlrq 91 Lw
lv vwurqjo| vxssruwhg lq wkh uvw shulrg exw qrw lq wkh vhfrqg1 Wkh frh!flhqwv ri
wkh uvw shulrg vxjjhvw wkdw uhdo JGS jurzwk zdv vwurqjo| dgmxvwlqj wr prqh|
yhorflw|1 Wklv fdq eh lqwhusuhwhg dv hylghqfh ri uhdo hhfwv iurp wkh prqhwl}dwlrq
ri jryhuqphqw ghew1 Lq wkh HPV shulrg wklv lv qr orqjhu wkh fdvh/ vxssruwlqj
wkh ylhz wkdw uhdo prqhwl}dwlrq hhfwv duh qrw srvvleoh lq d ghuhjxodwhg rshq
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Wdeoh :15= Frlqwhjudwlrq surshuwlhv
p0s0| {s {) U
6
U
K
wuhqg 2Ev s1ydo1
Wkh shulrg 4<:904<;;
Yhorflw|
KD 4 3 3 0:1: 613 031338 0 +3, 0
KS 4 71; 3 3 3 031335 3138+4, 31;5
K. 4 3 0415 3 3 031338 313;+4, 31:;
Lqwhuhvw udwhv
KH 3 3 3 4 04 3 571<+6, 3133
Kb 3 3 3 4 03168 3 <16+5, 3134
Kf 3 03186 3 4 3 3 4314+5, 3134
K 3 0513 3 3 4 3 4414+5, 3133
K2 3 41: 3 4 04 3 4419+5, 3133
K 3 04137 3 4 3137 3 4317+5, 3134
Ke 3 03149 03168 4 0317< 3 3156+4, 3196
Wkh shulrg 4<;<04<<9
Yhorflw|
KD 4 3 3 0491< 04414 031345 0 +3, 0
KS 3133: 413 3 3 3 31333 3139+4, 31;3
K. 313;3 3 413 3 3 31333 717;+4, 3136
Lqwhuhvw udwhv
KH 3 3 3 4 04 3 571<+6, 3133
Kb 3 3 3 4 031:8 3 :16+5, 3136
Kf 3 0319 3 4 3 3 4314+5, 3134
K 3 031; 3 3 4 3 4414+5, 3133
K2 3 315 3 4 04 3 41:+5, 3175
K 3 0317 3 0319 4 3 4315+5, 3134
hfrqrp|1
Wkh lqwhuhvw udwh uhodwlrqv ri Wdeoh :15 whvw glhuhqw k|srwkhvhv rq vwdwlrqdu|
uhodwlrqvklsv ehwzhhq wkh vkruw0whup lqwhuhvw yduldeoh +zklfk lv forvho| uhodwhg wr
wkh fhqwudo edqn lqwhuhvw udwhv, dqg lq dwlrq udwh +wkh jrdo yduldeoh, dqg orqj0whup
lqwhuhvw udwh +wkh wdujhw yduldeoh,1
KH whvwv wkh vwdwlrqdulw| ri wkh lqwhuhvw udwh vsuhdg1 Vlqfh lw lv uhmhfwhg lq erwk
shulrgv/ Kb whvwv zkhwkhu dq| frpelqdwlrq ri wkh wzr lqwhuhvw udwhv lv vwdwlrqdu|1
Lw lv dovr uhmhfwhg lq erwk shulrgv1 Wklv lv dovr wkh fdvh iru Kf dqg K zklfk
whvw zkhwkhu uhdo lqwhuhvw udwhv duh vwdwlrqdu|/ exw zlwkrxw uhvwulfwlqj wkh lq dwlrq
frh!flhqw1 Khqfh/ wkh lqwhuhvw udwhv dqg wkh lq dwlrq udwh pxvw eh dhfwhg e|
erwk frpprq vwrfkdvwlf wuhqgv/ vr sdluzlvh frlqwhjudwlrq lv qrw srvvleoh +Mxvholxv/
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Iljxuh :14= Wkh hvwlpdwhg frlqwhjudwlrq uhodwlrqv edvhg rq wkh shulrg 4<:7=60
4<;<=4/ dqg h{wudsrodwhg iru wkh shulrg 4<;<=504<<8=71
4<<<d,1
K2 whvwv zkhwkhu wkh vsuhdg lv frlqwhjudwhg zlwk lq dwlrq l1h1 srolf| uxoh
+616,1 Lq wkh uvw shulrg lw lv uhmhfwhg/ exw qrw lq wkh vhfrqg1 Wklv frxog eh
hylghqfh ri wkh lqfuhdvhg lpsruwdqfh ri lqwhuhvw udwh frqwuro lq wkh HPV shulrg
dv glvfxvvhg lq Vhfwlrq 5141 Krzhyhu/ wkh vljq ri wkh uhodwlrqvkls lv qrw frqvlvwhqw
zlwk wkh prqhwdu| srolf| uxoh dqg zh ohdyh lwv ixuwkhu lqwhusuhwdwlrq wr wkh qh{w
vhfwlrq1
K whvwv zkhwkhu wkhuh h{lvwv d krprjhqhrxv uhodwlrq ehwzhhq wkh lqwhuhvw
udwhv dqg wkh lq dwlrq dqg lv uhmhfwhg lq erwk shulrgv1 Iru wkh uvw shulrg zh
ixuwkhupruh whvw Kec d krprjhqhrxv uhodwlrq ehwzhhq wkh vkruw0 dqg orqj0whup
lqwhuhvw udwhv/ lq dwlrq/ dqg uhdo jurzwk1 Lw zdv vwurqjo| dffhswhg lqglfdwlqj wkdw
doo wkuhh yduldeohv zhuh lpsruwdqw iru wkh rshudwlqj surfhgxuh ri wkh ErI1
Dowrjhwkhu/ wkh uhvxowv riKHKe jlyh olwwoh vxssruw iru wkh vwdwlrqdu| yhuvlrq
ri wkh Ilvkhu sdulw| +618, dqg wkh whup vwuxfwxuh ri lqwhuhvw udwhv +619,1
5;
:161 D uhsuhvhqwdwlrq ri wkuhh orqj0uxq uhodwlrqv
Wkh k|srwkhvlv ri d ixoo| lghqwlhg frlqwhjudwlrq vwuxfwxuh lv ri wkh irup q
o
’
iMc M22c Mjc zkhuh wkh ghvljq pdwulfhv M lpsrvhv uhvwulfwlrqv rq hdfk
frlqwhjudwlrq yhfwru vxfk wkdw d ixoo| lghqwlhg vwuxfwxuh ri orqj0uxq uhodwlrqv lv
rewdlqhg1 Wkh whvw ri ryhulghqwli|lqj uhvwulfwlrqv lv edvhg rq wkh u- whvw surfhgxuh
ghvfulehg lq Mrkdqvhq dqg Mxvholxv +4<<7, dqg lv dv|pswrwlfdoo| glvwulexwhg dv
2Evc zkhuh v lv wkh qxpehu ri ryhulghqwli|lqj uhvwulfwlrqv1
Lq Wdeoh :16 zh uhsruw d vshflfdwlrq ri wkh orqj0uxq vwuxfwxuh iru wkh uvw
shulrg1 Lw hvvhqwldoo| frqvlvwv ri KScK.c dqg Ke +zlwk wkh h{fhswlrq wkdw krpr0
jhqhlw| uhvwulfwlrq ri Ke lv qrw lpsrvhg khuh, dqg lpsrvhv rqh ryhulghqwli|lqj
uhvwulfwlrq zklfk lv dffhswhg zlwk d s0ydoxh ri 31:71 Wkh uvw uhodwlrq 	q


%
|
fru0
uhvsrqgv wr wkh prqh| ghpdqg uhodwlrq ri Wdeoh :151 Wkh vhfrqg uhodwlrq 	q

2
%
|
ghvfulehv uhdo jurzwk dv ehlqj srvlwlyho| dqg yhu| vljqlfdqwo| uhodwhg wr prqh|
yhorflw|1 E| uhrughulqj wkh yduldeohv lw fdq eh lqwhusuhwhg dv d g|qdplf vwhdg|0
vwdwh uhodwlrq zkhuh uhdo JSG jurzwk dgmxvwv wr wkh ghyldwlrq ehwzhhq wkh ohyho
ri uhdo JGS dqg uhdo prqh| vwrfn lq wkh iroorzlqj zd|=
{2+
|
’  fed{+
|3 n f.ei+  E6 Rjo|3
Wkh dgmxvwphqw frh!flhqw 03167 lv wdnhq iurp prgho +;14, lq Vhfwlrq ;1 Wkh frlq0
whjudwlrq uhodwlrq zlwklq wkh eudfnhwv vxjjhvw wkdw uhdo JGS jurzwk kdv dgmxvwhg
srvlwlyho| wr prqhwdu| h{sdqvlrq lq wkh uvw shulrg1 Wklv lv frqvlvwhqw zlwk wkh
L+5, dqdo|vlv lq Vhfwlrq 9 dqg h{sodlqv zk| uhdo JGS zdv qhhghg wr fdqfho wkh
L+5, wuhqgv lq wkh gdwd1 Krzhyhu/ wklv uhodwlrqvkls grhv qrw ghvfuleh d orqj0
uxq vxvwdlqdeoh vwhdg|0vwdwh uhodwlrq dv fdq eh vhhq iurp wkh judsklfdo glvsod|
lq wkh plggoh sdqho ri Iljxuh :141 Zkhq h{wudsrodwhg lqwr wkh HPV shulrg wkh
uhodwlrqvkls euhdnv grzq1 Lw vhhpv vxvwdlqdeoh rqo| dv orqj dv fdslwdo dqg wudgh
uhjxodwlrqv zhuh hhfwlyh lq wkh Vsdqlvk hfrqrp|1
Wkh wklug uhodwlrq 	q


%
|
c ghvfulehv dq dssur{lpdwho| krprjhqhrxv uhodwlrq eh0
wzhhq wkh vkruw0whup lqwhuhvw udwh dqg wkh orqj0whup erqg udwh/ lq dwlrq/ dqg uhdo
jurzwk1 Dv phqwlrqhg deryh lw pljkw eh lqwhusuhwhg dv d prqhwdu| uhdfwlrq uxoh
iru vhwwlqj wkh vkruw0whup lqwhuhvw udwh1 Wkh judsklfdo glvsod| ri Iljxuh :14/ orzhu
sdqho/ vkrzv wkdw lw ehfrphv ohvv vwdeoh diwhu 4<;<1 Wklv lv dq lqglfdwlqj wkdw prq0
hwdu| srolf| uxoh kdv fkdqjhg/ ru wkdw wkh dgmxvwphqw ri wkh vkruw0whup lqwhuhvw
udwh wr wkh +pdunhw ghwhuplqhg, erqg udwh kdv ehfrph lqfuhdvlqjo| vwurqj1 Wkh
odwwhu lqwhusuhwdwlrq lv frqvlvwhqw zlwk wkh frlqwhjudwlrq hvwlpdwhv ri wkh vhfrqg
shulrg1
Lq wkh vhfrqg shulrg wkh orqj0uxq vwuxfwxuh frqvlvwv hvvhqwldoo| ri wkh k|srwkh0
vhv KScKDc dqg K2 +zlwk wkh h{fhswlrq wkdw -K lv uhvwulfwhg wr }hur lq KD Wkh
uvw uhodwlrq/ 	q


%
|
c pljkw hlwkhu eh lqwhusuhwhg dv wkh prqhwdu| srolf| uxoh +615, ru
5<
Wdeoh :16= Dq lghqwlhg orqj0uxq vwuxfwxuh iru wkh HPV shulrg
6 R + {R {+ -
6
-
K
|oe?_
Iluvw shulrg
q

413 3 3 0817 518 031338
+451;, +4515,
q
2
031:7 3 413 3 3 031336
+457,
q

3 03145 0315; 413 0317: 3
+4413, +581:, +4:16,
Wkh OU whvw iru ryhulghqwli|lqj uhvwulfwlrqv= 2E ’ ffb ER@, ’ f.S
Vhfrqg shulrg
q

3133; 413 3 3 3 313338
+419,
q
2
031368 3 3 413 3 313336
+441:,
q

3 3155 3 413 0413 3
+4313,
Wkh OU whvw iru ryhulghqwli|lqj uhvwulfwlrqv= 2Ee ’ 2S ER@, ’ f.
w0ydoxhv duh jlyhq lq sduhqwkhvhv
dv prqh| ghpdqg uhodwlrq ghvfulelqj djhqwv* zloolqjqhvv wr krog prqh| vwrfn dv
dq dowhuqdwlyh wr uhdo dvvhwv1 Wkh vhfrqg uhodwlrq/ 	q

2
%
|
c pljkw dovr eh lqwhusuhwhg
dv d prqh| ghpdqg uhodwlrq/ exw wkh devhqfh ri d sodxvleoh dowhuqdwlyh frvw ri
kroglqj prqh| lv sureohpdwlf1 Zkhq -
K
lv lqfoxghg lq q
2
lwv hvwlpdwhg frh!flhqw
rewdlqv wkh vdph vljq dv -
6
 Lw dsshduv iurp wkh judsk lq wkh plggoh sdqho ri j0
xuh :15 wkdw wklv uhodwlrq zdv qrw vwdwlrqdu| lq wkh shulrg ehiruh 4<;8/ l1h1 ehiruh
wkh jryhuqphqw idflolwdwhg wkh vxevwlwxwlrq ehwzhhq ohvv oltxlg dvvhwv zlwk oltxlg
dvvhwv lq 4<;8 dv phqwlrqhg lq Vhfwlrq 5151 Wkh wklug uhodwlrq/ 	q


%
|
c ghvfulehv wkh
lqwhuhvw udwh vsuhdg dv d ixqfwlrq ri lq dwlrq1 Wkh vljq ri wkh lq dwlrq frh!flhqw
vxjjhvwv wkdw lq dwlrq lv d sur{| iru d ulvn suhplxp dgghg wr wkh sulfh ri erqgv
uhodwlyh wr vkruw0whup dvvhwv1 Wkh judsk ri wkh orzhu sdqho ri Iljxuh :15 vkrzv
wkdw wklv uhodwlrq zdv suredeo| vwdwlrqdu| douhdg| iurp 4<;81
Dowrjhwkhu wkh judsklfdo glvsod| vxjjhvwv wkdw prvw ri wkh fkdqjhv lq prqhwdu|
wudqvplvvlrq phfkdqlvpv wrrn sodfh diwhu wkh ghflvlrq wr mrlq wkh HPV/ l1h1 d ihz
|hduv ehiruh Vsdlq ehfdph d phpehu ri wkh HPV1
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Iljxuh :15= Wkh hvwlpdwhg frlqwhjudwlrq uhodwlrqv edvhg rq wkh vhfrqg shulrg
4<;<=404<<8=7 dqg h{wudsrodwhg iru wkh shulrg 4<:7=704<;;=71
:171 Wkh frpprq wuhqgv dqg wkh orqj0uxq lpsdfw pdwul{
Khuh zh zloo lqyhvwljdwh wkh orqj0uxq lpsdfw ri xqdqwlflsdwhg vkrfnv wr wkh
v|vwhp1 Ehfdxvh wkh frqglwlrqdo h{shfwdwlrq .
|3i%| m f|3j kdv rswlpdo surs0
huwlhv dv d suhglfwru ri %
|
jlyhq wkh lqirupdwlrq vhw f
|3 dydlodeoh dw wlph w04/
zh fkrrvh wkh uhvlgxdov 	0
|
iurp +714, dv hvwlpdwhv ri wkh xqdqwlflsdwhg vkrfnv
dvvrfldwhg zlwk yduldeoh %

 Wkh hvwlpdwhg frh!flhqwv ri wkh  pdwul{ lq +718,
uhsruwhg lq Wdeoh :17 duh phdvxulqj wkh qdo lpsxovh uhvsrqvh hhfwv1 Wkh| duh
edvhg rq qrq0vwdqgdugl}hg uhvlgxdov dqg wkhlu vwdqgdug huuruv duh/ wkhuhiruh/ uh0
sruwhg vhsdudwho|1 Vwdqgdug huuruv ri hvwlpdwhv duh fdofxodwhg xvlqj uhvxowv lq
Sduxror +4<<:,1 Vljqlfdqw frh!flhqwv zlwk d s0ydoxh ri 3138 ru ohvv duh lqgl0
fdwhg zlwk erog idfh1 Wkh ghfrpsrvlwlrq lqwr frpprq wuhqgv dqg ordglqjv duh
edvhg rq  ’ hq
z
k
z
zkhuh hq
z
’ q
z
Ek
z
Kq
z
3 Lghqwlfdwlrq kdv ehhq dfklhyhg
e| lpsrvlqj wkh zhdn h{rjhqhlw| uhvwulfwlrq rq wkh orqj0whup erqg udwh/ l1h1 e|
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lpsrvlqj wkh uhvwulfwlrqv=
k
z
’ dc c c c fo
k
z2
’ dfc fc fc fc o
Wkh hvwlpdwhg frh!flhqwv iru wkh uvw shulrg duh uhsruwhg lq wkh o1k1v1 ri Wdeoh
:171 Lw dsshduv wkdw wkh uvw frpprq wuhqg/ k
z
P0

c lv dssur{lpdwho| htxdo wr
wkh vkruw0whup lqwhuhvw udwh/ frqvlvwhqw zlwk wkh zhdn h{rjhqhlw| uhvxow ri Wdeoh
9141 Wkh uhpdlqlqj frh!flhqwv ri k
zc wkrxjk vpdoo/ fdqqrw eh mrlqwo| uhvwulfwhg
wr }hur dqg zh lqwhusuhw wkh uvw frpprq wuhqg dv d grphvwlf prqhwdu| wuhqg/
dqg wkh vhfrqg/ P0
-K
c dv d qdqfldo pdunhw wuhqg1
Wkh hvwlpdwhv ri q
z
vkrz wkdw wkh grphvwlf prqhwdu| wuhqg/ k
z
P0

c kdv
dhfwhg yhorflw|/ uhdo jurzwk/ dqg wkh wzr lqwhuhvw udwhv srvlwlyho| exw lq dwlrq
qhjdwlyho|1 Wklv frxog eh vrph hylghqfh wkdw prqhwdu| srolf| kdv ehhq hhfwlyh
lq wkh uvw shulrg1 Dv h{shfwhg/ wkh orqj0whup erqg wuhqg/ P0
-K
c kdv dhfwhg
yhorflw| dqg uhdo jurzwk qhjdwlyho|/ exw lq dwlrq dqg wkh vkruw0whup lqwhuhvw udwh
srvlwlyho|1
Wkh hvwlpdwhv ri wkh F0pdwul{ vkrz wkdw wkh orqj0uxq lpsdfwv ri vkrfnv wr
yhorflw|/ lq dwlrq/ dqg uhdo jurzwk kdyh ehhq txlwh vpdoo/ zkhuhdv vkrfnv wr wkh
lqwhuhvw udwhv kdyh kdg d pxfk pruh vljqlfdqw lpsdfw rq wkh yduldeohv ri wkh
v|vwhp1
Wkh hvwlpdwhv ri wkh vhfrqg shulrg duh uhsruwhg lq wkh u1k1v1 ri Wdeoh :171 Wkh
hvwlpdwh ri q
z
lqglfdwhv wkdw wkh grphvwlf prqhwdu| wuhqg/ k
z
P0

c kdv kdg
d yhu| vpdoo lpsdfw rq lq dwlrq1 Wklv vxssruwv wkh k|srwkhvlv wkdw wkh Vsdq0
lvk lq dwlrq kdv hvvhqwldoo| dgmxvwhg wr wkh orz Hxurshdq lq dwlrq ohyho zlwkrxw
pxfk uhihuhqfh wr wkh dfwlrqv ri wkh fhqwudo edqn1 Wkh hvwlpdwh ri q
z2
vkrzv lq
sduwlfxodu d vwurqj srvlwlyh hhfw ri wkh erqg udwh rq prqh| yhorflw| vxssruwlqj
wkh forvh vxevwlwxwdelolw| ehwzhhq dvvhwv lqvlgh dqg rxwvlgh prqh| vwrfn1 Dv lq
wkh uvw shulrg wkh erqg udwh kdv d qhjdwlyh hhfw rq uhdo JGS jurzwk/ exw d
qhjdwlyh hhfw rq lq dwlrq udwh1 Wkh F0pdwul{ vkrzv vljqlfdqw orqj0uxq lpsdfw
ri vkrfnv wr wkh orqj0whup erqg udwh rq hvvhqwldoo| doo yduldeohv ri wkh v|vwhp1
;1 D vkruw0uxq dgmxvwphqw prgho ehiruh dqg diwhu HPV8
Dv glvfxvvhg lq Mrkdqvhq dqg Mxvholxv +4<<7, lghqwlfdwlrq ri wkh vkruw0uxq dg0
mxvwphqw vwuxfwxuh fdq eh shuiruphg iru d jlyhq lghqwlhg q ’ q
o
 Wkh hvwlpdwhv
8Wkh hvwlpdwhv duh frpsxwhg zlwk SfIlpo +Grruqln dqg Khqgu|/ 4<<;,1
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Wdeoh :17= Dq lghqwlhg frpprq wuhqgv vwuxfwxuh iru wkh suhHPV shulrg
Iluvw shulrg Vhfrqg shulrg
Wkh frpprq wuhqgv ghfrpsrvlwlrq
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Wkh 0pdwul{
P	0
e,
P	0{R P	0{+ P	0-6 P	0-K P	0e, P	0{R P	0{+ P	0-6 P	0-K
{i* 3138 3137 3138 41;9 0513: 0314; 3158 0314: 0515; 5515:
+318, +318, +318, +414, +71:, +316, +316, +318, +314, +51;,
{2R 03138 03137 03138 0419< 3184 3135 3136 3135 3158 03149
+41:, +418, +41:, +619, +715, +617, +617, +914, +416, +517,
{2+ 3144 313< 3144 61;: 041;9 31;3 4145 31:: 4316; 0618;
+415, +414, +415, +519, +71;, +61<, +61;, +91<, +418, +418,
{-
6
3139 3138 3139 5135 3165 3134 3143 3133 3139 31::
+416, +415, +416, +51<, +41:, +315, +315, +316, +314, +51:,
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K
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+318, +318, +318, +414, +619, +417, +417, +517, +318, +613,
w0ydoxhv duh jlyhq lq sduhqwkhvhv
ri wkh uhvwulfwhg prghov uhsruwhg lq Wdeoh ;14 dqg ;15 duh frqglwlrqdo rq wkh ryhul0
ghqwlhg uhodwlrqv uhsruwhg lq Wdeoh :161 Ehfdxvh d frpsdulvrq ri wkh frpelqhg
orqj0uxq uhodwlrqv ehwzhhq wkh wzr shulrgv uhtxluhv vlplodulw| lq prgho vshflfd0
wlrq/ wkh uhvwulfwhg vkruw0uxq dgmxvwphqw vwuxfwxuh lq Vhfwlrq ;14 lv edvhg rq wkh
YDU1 Vhfwlrq ;15 lqfoxghv fxuuhqw hhfwv lq wkh prgho dqg Vhfwlrq ;16 frpsduhv
krz wkh frpelqhg vwhdg|0vwdwh uhodwlrqv kdyh fkdqjhg ehwzhhq wkh wzr shulrgv1
;141 Wkh uhvwulfwhg vkruw0uxq dgmxvwphqw vwuxfwxuh edvhg rq wkh YDU
Wkh vkruw0uxq dgmxvwphqw vwuxfwxuh lq Wdeoh ;14 dqg Wdeoh ;15 kdv ehhq irxqg e|
d vhdufk surfhgxuh zkhuh wkh prvw lqvljqlfdqw dgmxvwphqw frh!flhqwv kdyh ehhq
uhvwulfwhg wr }hur dqg whvwhg xvlqj d Olnholkrrg Udwlr whvw1 Wkh qdo prgho iru
wkh uvw shulrg lv dffhswhg edvhg rq d 2Eb ’ SEf. whvw iru ryhulghqwli|lqj
uhvwulfwlrqv1 Wkh vkruw0uxq dgmxvwphqw frh!flhqwv wr wkh orqj0uxq uhodwlrqv vkrz
wkdw doprvw doo eS6frh!flhqwv duh vljqlfdqw lq doo irxu htxdwlrqv1 Wklv phdqv
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wkdw wkh olqhdu frpelqdwlrq 	k	q

o
%
|
lv olnho| wr eh pruh uhohydqw dv dq hvwlpdwh
ri wkh vwhdg|0vwdwh uhodwlrq iru wkh yduldeoh lq txhvwlrq1 Wklv lv sduwlfxoduo| vr
ehfdxvh wkh dgmxvwphqw frh!flhqwv lq wkh yhorflw| dqg wkh lq dwlrq htxdwlrq duh
yhu| vlplodu dqg wkh eS6 dqg eS62 frh!flhqwv vhhp wr eh doprvw olqhduo|
uhodwhg1 Wkh judskv lq Iljxuh :14 vxssruw wklv lqwhusuhwdwlrq/ vkrzlqj wkdw wkh
idluo| odujh ghyldwlrqv iurp vwhdg|0vwdwh lq 4<:90:< duh doprvw htxdo zlwk rssrvlwh
vljqv1 Wkhuhiruh/ wkh olqhdu frpelqdwlrq 	k	q

o
%
|
n 	k2	q

o2
%
|
lv olnho| wr eh pruh
vwdeoh1 Qrwh dovr wkdw wkh htxdwlrqv {2R dqg {2+ duh vxevhwv ri wkh uvw htxdwlrq
{e, ’ {6{R{+ 1 Wkhuhiruh/ zh ohw wkh glvfxvvlrq ri wkh vshhg ri dgmxvwphqw
wrzdugv wkh vwhdg|0vwdwh uhodwlrqv zdlw xqwlo wkh glvfxvvlrq ri wkh frpsdudwlyh
dqdo|vlv zklfk lv edvhg rq wkh frpelqhg hhfwv 	kq 
o

Lw dsshduv wkdw prvw ri wkh vkruw0uxq dgmxvwphqw hhfwv wr fkdqjhv lq wkh
ghwhuplqdqwv ri wkh v|vwhp zhuh lqvljqlfdqw1 Iru h{dpsoh/ wkhuh zhuh qr hhfwv
ri odjjhg fkdqjhv lq wkh lqwhuhvw udwhv/ rqo| fxuuhqw fkdqjhv lq wkh erqg udwh
zhuh lpsruwdqw1 Zh qrwh wkdw wkh odwwhu kdv d qhjdwlyh hhfw rq yhorflw| +wkh
dowhuqdwlyh frvw ri kroglqj prqh|,/ d srvlwlyh hhfw rq uhdo lqfrph +d surf|folfdo
ghpdqg hhfw, dqg rq wkh vkruw0whup lqwhuhvw udwh +d qdqfldo pdunhw hhfw,/ wkdw
wkh odjjhg yduldeohv vkrz vwurqj dxwruhjuhvvlyh hhfwv/ wkdw wkh prqhwl}dwlrq ri
jryhuqphqw ghflw lq 4<:9=6 kdg d vljqlfdqw hhfw rq doo yduldeohv ri wkh v|vwhp/
dqg wkdw wkh vwduw ri wkh HPV lqfuhdvhg P6 yhorflw|1
Wdeho ;14= Wkh uhvwulfwhg vkruw0uxq dgmxvwphqw vwuxfwxuh ri wkh uvw shulrg1
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Iru wkh vhfrqg shulrg wkhOU whvw iru ryhulghqwli|lqj uhvwulfwlrqv ehfdph 2Ee ’
H.EfeS dqg/ khqfh/ wkh| duh fohduo| gdwd frqvlvwhqw1 Edvhg rq vlplodu dujx0
phqwv dv deryh zh srvwsrqh wkh lqwhusuhwdwlrq ri wkh vshhg ri dgmxvwphqw ri wkh
orqj0uxq uhodwlrqv xqwlo wkh frpelqhg vwhdg|0vwdwh dqdo|vlv ehorz1 Wkh vkruw0uxq
dgmxvwphqw hhfwv ri fkdqjhv lq wkh v|vwhp ghwhuplqdqwv duh hyhq ohvv vljqlfdqw
wkdq lq wkh uvw shulrg1 Zh qrwh wkdw fkdqjhv lq wkh erqg udwh lq xhqfhv P6
yhorflw| qhjdwlyho| +exw ohvv vwurqjo| wkdq lq wkh uvw shulrg, dqg wkh vkruw0whup
lqwhuhvw udwh srvlwlyho| +wkh vshhg ri dgmxvwphqw kdv lqfuhdvhg uhodwlyh wr wkh uvw
shulrg,/ wkdw wkh dxwruhjuhvvlyh ehkdylru ri wkh yduldeohv lv qrz ohvv surqrxqfhg
+h{fhsw iru lq dwlrq,/ dqg wkdw ohdylqj wkh HPV vljqlfdqwo| lq xhqfhg doo ydul0
deohv h{fhsw lq dwlrq1
Wdeho ;15 G Wkh uhvwulfwhg vkruw0uxq vwuxfwxuh iru wkh vhfrqg shulrg159997
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Lqfoxglqj fxuuhqw hhfwv lq wkh prgho
Wkh hvwlpdwhv ri P vkrz idluo| odujh uhvlgxdo fruuhodwlrqv lq erwk shulrgv/ lq
sduwlfxodu ehwzhhq yhorflw| dqg wkh fkdqjh lq uhdo lqfrph dqg lq dwlrq1 E| uh0
vshfli|lqj wkh prgho zlwk wkh fxuuhqw fkdqjh lq lqfrph dqg lq dwlrq lqfoxghg lq
wkh yhorflw| htxdwlrq zh ghprqvwudwh ehorz wkdw wkh fruuhodwlrqv duh hvvhqwldoo| d
uhvxow ri wkh yhorflw| wudqvirupdwlrq +:15, ri wkh gdwd yhfwru1 Wkh hvwlpdwhv ri wkh
yhorflw| prgho zlwk fxuuhqw hhfwv duh jlyhq lq +;14, iru wkh uvw shulrg dqg +;17,
iru wkh vhfrqg shulrg1 Ehfdxvh wkh hvwlpdwhv ri wkh uhpdlqlqj htxdwlrqv zhuh
hvvhqwldoo| xqfkdqjhg wkh| duh qrw uhsruwhg1 E| uhduudqjlqj dqg froohfwlqj whupv
lq +;14, rqh jhwv +;15, zklfk vkrzv wkdw fkdqjhv lq P6 kdyh dgmxvwhg g|qdplfdoo|
wr lq dwlrq dqg uhdo JGS jurzwk dqg wr h{fhvv |lhog rq P6 uhodwlyh wr wkh erqg
udwh dqg uhdo jurzwk1 Wkh vroyhg vwhdg|0vwdwh vroxwlrq jlyhq lq +;16, ghprqvwudwhv
wkdw lq wkh suh0HPV shulrg wkh fkdqjhv lq uhdo prqh| vwrfn zhuh hvvhqwldoo|
ghwhuplqhg e| wkh vsuhdg ehwzhhq wkh vkruw0whup lqwhuhvw udwh dqg wkh orqj0
whup erqg udwh91
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Wkh vroyhg vwhdg|0vwdwh uhodwlrq iru prqh| jurzwk=
{6W * {Rn DSE-
6
 feS-
K
 n ffffH|oe?_ +;16,
Wkh uhvxowv ghprqvwudwh wkdw wudqviruplqj wkh gdwd hlwkhu iru hfrqrplf ru
hfrqrphwulf uhdvrqv/ fdq pdnh wkh lqwhusuhwdwlrq ri hvwlpdwhg vkruw0uxq dgmxvw0
phqw hhfwv txlwh gl!fxow1 Hfrqrphwulfdoo| wklv lv dq lpsruwdqw srlqw/ ehfdxvh
ri wkh srsxodulw| ri wklv nlqg ri wudqvirupdwlrqv lq hpslulfdo zrun/ vrphwlphv iru
hfrqrphwulf uhdvrqv dv lq wkh suhvhqw vwxg|/ vrphwlphv iru hfrqrplf uhdvrqv1
Iru wkh vhfrqg shulrg lw zdv qrw srvvleoh wr rewdlq vljqlfdqw hhfwv iurp
fxuuhqw fkdqjhv lq dq| ri wkh yduldeohv/ h{fhsw wkh zhdno| h{rjhqrxv erqg udwh1
Iru wkh frpsdudwlyh sxusrvh ri wkh vwxg| zh uhsruw wkh hvwlpdwhv ri wkh yhorflw|
9D vlplodu vsuhdg/ Ug  3=7;Ue> zdv irxqg wr eh vwdwlrqdu| iru Gdqlvk gdwd lq Mxvholxv
+4<<;e,1
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htxdwlrq lq zklfk zh kdyh lqfoxghg fxuuhqw fkdqjhv lq lq dwlrq dqg uhdo JGS
jurzwk/ wkrxjk erwk zhuh lqvljqlfdqw=
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;151 Frpsdulvrq ri wkh vwhdg|0vwdwh uhodwlrqv=
Wkh vwhdg|0vwdwh uhodwlrqv hvwlpdwhg dv wkh 	k

zhljkwhg hvwlpdwhv ri 	q

o
lq Wdeoh
;14 dqg ;15 duh frpsduhg iru hdfk shulrg1 Wr idflolwdwh wkh lqwhusuhwdwlrq zh
kdyh vroyhg wkh ghulyhg vwhdg|0vwdwh uhodwlrq iru wkh ghshqghqw yduldeoh1 Wkh
frpelqhg huuru0fruuhfwlrq frh!flhqw lv jlyhq lq fxuo| eudfnhwv1
Wkh yhorflw| vwhdg|0vwdwh uhodwlrq iru wkh uvw shulrg=
ifej e, ’ e{Rn e{+  e.-
6
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dqg wkh vhfrqg shulrg=
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6
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K
n |oe?_ +;18,
Wkh vshhg ri dgmxvwphqw ri p6 yhorflw| lv vlplodu lq wkh wzr shulrgv1 Lw lv srvl0
wlyho| uhodwhg wr lq dwlrq +wkh sulfhv fdxvh prqh| hhfw, lq wkh uvw shulrg/ exw
qhjdwlyho| +wkh prqh| ghpdqg hhfw, lq wkh vhfrqg shulrg1 Lq wkh uvw shulrg
uhdo JGS jurzwk lv dovr srvlwlyho| uhodwhg wr prqh| yhorflw| +prqhwl}dwlrq hhfw,/
exw qr vxfk hhfw fdq eh irxqg lq wkh HPV shulrg1 Qrwh wkdw wkh prqh| ghpdqg
uhodwlrq lq wkh uvw shulrg jlyhq e| q 

%
|
zlwk sodxvleoh lqwhuhvw udwh hhfwv grhv
qrw vxuylyh lq wkh frpelqhg uhodwlrq1 Khuh/ wkh rzq lqwhuhvw udwh hhfw lv qhjdwlyh
dqg wkh erqg udwh hhfw lv srvlwlyh1 Wklv fdq eh h{sodlqhg e| wkh vwurqj qhjdwlyh
lpsdfw ri q 

%
|
zklfk ghvfulehv wkh ghyldwlrq ri vkruw0whup lqwhuhvw udwh iurp lwv
vwhdg|0vwdwh ydoxh1 Srvlwlyh +qhjdwlyh, ghyldwlrqv ri wkh odwwhu frlqflglqj zlwk
frqwudfwlrqv +h{sdqvlrqv, ri prqh| vwrfn frxog wkhq h{sodlq wkh fkdqjh ri vljq
ri -
6
lq +;17,1 Hfrqrphwulfdoo| wklv lv dq looxvwudwlrq ri wkh lpsruwdqfh ri shu0
iruplqj wkh frlqwhjudwlrq dqdo|vlv zlwklq d pxowlyduldwh v|vwhp1 Lw pljkw h{sodlq
wkh gl!fxowlhv ri qglqj d sodxvleoh prqh| ghpdqg iru DOS uhodwlrq lq suhylrxv
vwxglhv1 Lq wkh vhfrqg shulrg wkh lqwhuhvw udwh hhfw lv srvlwlyh iru erwk lqwhuhvw
udwhv/ d uhvxow zh kdyh douhdg| frpphqwhg rq lq suhylrxv vhfwlrqv1
Wkhvh hvwlpdwhv fdq qrz eh frpsduhg zlwk wkh uhvxowv rewdlqhg zkhq frqgl0
wlrqlqj rq wkh fkdqjh lq lq dwlrq dqg lq uhdo JGS jurzwk jlyhq e| +;14,0+;16,1 Lq
wklv fdvh wkh vwhdg|0vwdwh vroxwlrq iru wkh fkdqjh lq uhdo 6 zdv irxqg wr eh srvl0
wlyho| uhodwhg wr wkh vsuhdg ehwzhhq vkruw0whup dqg wkh orqj0whup lqwhuhvw udwh/
6:
l1h1 d sodxvleoh prqh|0ghpdqg uhodwlrq iru wkh jurzwk udwhv ri uhdo prqh|1 Iru
wkh vhfrqg shulrg wkh uhvxowv kdugo| fkdqjhg zkhq fxuuhqw hhfwv zhuh lqfoxghg
lq wkh prgho1
Wkh lq dwlrq vwhdg|0vwdwh uhodwlrq iru wkh uvw shulrg=
i2Dj {R ’ ff.e,  e-
6
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 fff2|oe?_ +;19,
dqg wkh vhfrqg shulrg=
ibfj {R ’ fffHe,  ffff2D|oe?_ +;1:,
Lq wkh uvw shulrg lq dwlrq lv dgmxvwlqj srvlwlyho| wr yhorflw| dqg wkh orqj0whup
erqg udwh +d frvw0sxvk hhfw, dqg qhjdwlyho| wr wkh vkruw0whup lqwhuhvw udwh +wkh
hhfw ri prqhwdu| srolf|,/ zkhuhdv lq wkh HPV shulrg rqo| yhorflw| kdv d plqru
hhfw rq lq dwlrq1 Krzhyhu lq erwk shulrgv wkhuh lv dq dgglwlrqdo grzqzdug wuhqg
lq lq dwlrq wkdw fdqqrw eh h{sodlqhg e| wkh suhvhqw lqirupdwlrq vhw1 Wklv wuhqg
lv suredeo| uhodwhg wr wkh rqjrlqj dgmxvwphqw wrzdugv wkh Hxurshdq orz lq dwlrq
ohyho lq wklv shulrg1
Dowrjhwkhu lw vhhpv olnho| wkdw lq dwlrq wr vrph h{whqw zdv lq xhqfhg e|
grphvwlf prqhwdu| srolf| lq wkh suh0HPV shulrg/ exw kdugo| dw doo lq wkh HPV0
shulrg1 Frqvlvwhqw zlwk wkh uhvxowv ri wkh 0pdwul{ lq Wdeoh :17 prqh| h{sdqvlrq
vhhpv wr kdyh kdg vrph lq dwlrqdu| hhfwv/ exw wkh lpsdfw kdv jhqhudoo| ehhq ri
plqru lpsruwdqfh1
Wkh uhdo lqfrph vwhdg|0vwdwh uhodwlrq lv rqo| jlyhq iru wkh uvw shulrg/ vlqfh
uhdo jurzwk zdv qrw vljqlfdqwo| huuru0fruuhfwlqj lq wkh HPV shulrg=
iDj {+ ’ f.e,  f{R 2H-
6
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Wkh srvlwlyh hhfw ri +wuhqg0dgmxvwhg, prqh| yhorflw| ghprqvwudwhv wkh hhfw
ri prqh| h{sdqvlrq +prqhwl}dwlrq ri jryhuqphqw ghew, rq uhdo JGS jurzwk lq wklv
shulrg1 Wkh qhjdwlyh hhfwv ri lq dwlrq dqg wkh wzr lqwhuhvw udwhv/ lq sduwlfxodu
-
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c vxjjhvw txlwh vwurqj frqwudfwlrqdu| hhfwv rq uhdo jurzwk iurp wljkw prqhwdu|
srolf|1
Wkh vkruw0whup lqwhuhvw vwhdg|0vwdwh uhodwlrq iru wkh uvw shulrg=
iffSj -
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dqg wkh vhfrqg shulrg=
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Lq wkh uvw shulrg wkh vkruw0whup lqwhuhvw udwh iroorzhg lq dwlrq udwh dqg wkh
orqj0whup erqg udwh krprjhqhrxvo| zlwk vrph dgglwlrqdo hhfw iurp uhdo jurzwk/
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lq wkh vhfrqg shulrg wkh vkruw0whup lqwhuhvw udwh lv h{foxvlyho| dgmxvwlqj wr wkh
h{rjhqrxv orqj0whup erqg1 Wkh vshhg ri dgmxvwphqw kdv lqfuhdvhg txlwh vxevwdq0
wldoo| iurp wkh suh0HPV shulrg wr wkh HPV shulrg1 Dowrjhwkhu/ wkh uhvxowv vxjjhvw
wkdw wkh lqwhuhvw udwh ghwhuplqdwlrq kdv odujho| ehhq rxwvlgh grphvwlf frqwuro lq
wkh shulrg diwhu Vsdlq oliwhg wkh uhvwulfwlrqv rq fdslwdo pryhphqwv1 Wklv lv dovr
frqvlvwhqw zlwk wkh uhvxowv ri wkh F0pdwul{ lq Wdeoh :171
<1 Vxppdu| dqg Frqfoxvlrqv
Wkh sxusrvh ri wklv sdshu zdv wr frpsduh wkh g|qdplf dgmxvwphqw hhfwv ri
h{fhvv prqh|/ h{fhvv djjuhjdwh ghpdqg/ dqg fhqwudo edqn uhdfwlrq uxoh rq sulfh
lq dwlrq/ prqh| jurzwk/ uhdo lqfrph jurzwk dqg fkdqjhv lq lqwhuhvw udwhv lq Vsdlq
lq wkh suh0HPV shulrg dqg diwhu mrlqlqj wkh HPV1
Wkh hpslulfdo dqdo|vlv zdv shuiruphg lq wzr vwdjhv= lq vwdjh rqh fr0pryhphqwv
ehwzhhq qrplqdo prqh|/ sulfhv/ uhdo lqfrph/ dqg wzr lqwhuhvw udwhv zhuh lqyhvwl0
jdwhg lq wkh UE2 prgho wr jhw dq xqghuvwdqglqj iru vrph ri wkh sureohpv wkdw
kdyh sodjxhg suhylrxv vwxglhv/ lq vwdjh wzr prqh| yhorflw|/ lq dwlrq/ uhdo jurzwk/
dqg wkh lqwhuhvw udwhv zhuh lqyhvwljdwhg lq wkh UE prgho wr jhw dq hpslulfdo
xqghuvwdqglqj iru wkh g|qdplfv ri prqhwdu| wudqvplvvlrq phfkdqlvpv dqg krz
wkh| kdyh fkdqjhg iurp wkh suh0HPV wr wkh HPV shulrg1
Edvhg rq wkh UE2 prgho zh irxqg=
 Qr ryhudoo orqj0uxq krprjhqhlw| ehwzhhq prqh| dqg sulfhv1 Lq wkh uvw sh0
ulrg uhdo prqh| dqg uhdo lqfrph zhuh irxqg wr eh UE2 exw prqh| yhorflw| zdv
irxqg wr eh UE Lq wkh vhfrqg shulrg doo ri wkhp frxog eh frqvlghuhg UE Wkh
hfrqrplf lqwhusuhwdwlrq lv wkdw h{fhvv prqh| h{sdqvlrq glg qrw ohdg wr d fru0
uhvsrqglqj lqfuhdvh lq sulfhv lq wklv shulrg1 Wkh hpslulfdo uhvxowv vkrzhg yhu|
vwurqjo| wkdw dowkrxjk vrph ri wkh prqh| jurzwk lv fruuhodwhg zlwk sulfh jurzwk/
d pdmru sduw lv dvvrfldwhg zlwk uhdo jurzwk1 Wkhuhiruh/ wkh idvw h{sdqvlrq ri wkh
jryhuqphqw vhfwru dqg wkh reoljdwlrq ri wkh fhqwudo edqn wr prqhwl}h jryhuqphqw
ghew lq wkh uvw shulrg vhhp wr kdyh lqfuhdvhg prqh| vwrfn zlwkrxw d fruuhvsrqg0
lqj lqfuhdvh lq sulfhv1 Vlplodu uhvxowv zhuh irxqg iru Lwdo| lq Mxvholxv dqg Jhqqdul
+4<<<,1
Edvhg rq wkh UE prgho zh irxqg=
 Hpslulfdo vxssruw iru d sodxvleoh prqh| ghpdqg uhodwlrq zlwk vljqlfdqw
htxloleulxp huuru fruuhfwlrq ri prqh| yhorflw| lq wkh uvw shulrg1 Ehfdxvh prqh|
vwrfn dovr vhhphg wr eh vljqlfdqwo| dhfwhg e| prqh| vxsso| ghflvlrqv e| wkh
fhqwudo edqn/ d prqh| ghpdqg uhodwlrq frxog rqo| eh lghqwlhg lq d pxowlyduldwh
prgho1 Lq wkh vhfrqg shulrg zh zhuh qrw deoh wr hvwlpdwh d prqh| ghpdqg uh0
odwlrq zlwk d sodxvleoh frh!flhqw ri wkh dowhuqdwlyh frvw ri kroglqj prqh|1 Rxu
lqwhusuhwdwlrq lv wkdw wkh forvh fruuhodwlrq ehwzhhq wkh |lhog ri vrph ri wkh frpsr0
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qhqwv lqvlgh prqh| vwrfn dqg wkh |lhog ri dowhuqdwlyh rxwvlgh dvvhwv kdv lqfuhdvhg
wkh djhqwv* zloolqjqhvv wr krog prqh| lq wkh vhfrqg shulrg1 Djdlq/ wkhvh hpslulfdo
uhvxowv fruuhvsrqg yhu| forvho| wr wkh uhvxowv lq Mxvholxv dqg Jhqqdul +4<<<,1
 Wkh frqwuroodelolw| ri wkh vkruw0whup lqwhuhvw udwh vhhphg pxfk juhdwhu lq
wkh uvw shulrg/ iru zkhuh wkh vkruw0whup lqwhuhvw udwh zdv irxqg wr dgmxvw kr0
prjhqhrxvo| wr wkh orqj0whup erqg udwh/ wkh lq dwlrq udwh/ dqg wkh uhdo lqfrph
jurzwk1 Lqfuhdvlqj wkh vkruw0whup lqwhuhvw udwh lq h{fhvv ri wklv vwhdg|0vwdwh ydoxh
kdg d vwurqj vkruw0uxq lpsdfw rq erwk prqh| yhorflw| dqg lq dwlrq udwh dqg d
vljqlfdqw orqj0uxq lpsdfw rq lq dwlrq udwh1 Lq wkh vhfrqg shulrg wkh vkruw0whup
lqwhuhvw udwh dgmxvwhg doprvw h{foxvlyho| wr wkh orqj0whup erqg udwh1 Ehfdxvh wkh
odwwhu zdv irxqg wr eh h{rjhqrxvo| jlyhq +qr orqj0uxq ihhgedfn, dqg suredeo|
wr d odujh h{whqw lqwhuqdwlrqdoo| jlyhq/ wkh uhvxowv vhhphg wr vxjjhvw wkdw pdu0
nhw irufhv udwkhu wkdq wkh fhqwudo edqn ghwhuplqhg wkh vkruw0whup lqwhuhvw udwh
lq wkh vhfrqg shulrg1 Frqvlvwhqw zlwk wklv lqwhusuhwdwlrq zdv wkh uhvxow wkdw wkh
orqj0uxq lpsdfw ri vkrfnv wr wkh vkruw0whup lqwhuhvw udwh kdg d vpdoo srvlwlyh exw
lqvljqlfdqw hhfw rq lq dwlrq dv frpsduhg wr wkh qhjdwlyh dqg vljqlfdqw hhfw
lq wkh uvw shulrg1
Phdvxuhg e| frlqwhjudwlrq surshuwlhv wkh Ilvkhu sdulw| dqg wkh whup vwuxfwxuh
ri lqwhuhvw udwhv glg qrw dfklhyh pxfk vxssruw1 Wklv zdv sduwlfxoduo| vr lq wkh
uvw shulrg/ zkhq wkh hhfw ri fhqwudo edqn srolf| uxohv rq vkruw0whup lqwhuhvw udwh
ghwhuplqdwlrq vhhphg pxfk vwurqjhu1 Lq wkh vhfrqg shulrg uhdo lqwhuhvw udwhv dqg
wkh lqwhuhvw udwh vsuhdg zhuh irxqg wr eh UE dqg zh lqwhusuhw wkh uhvxowv dv ehlqj
frqvlvwhqw zlwk lq dwlrqdu| h{shfwdwlrqv ehlqj UE Wkh odfn ri hylghqfh ri wkh
Ilvkhu sdulw| wkdw lq dwlrq dhfwv lqwhuhvw udwhv zdv suhvhqw lq wkh uvw shulrg exw
yhu| surqrxqfhg lq wkh vhfrqg shulrg1 Dowrjhwkhu/ wkh uhvxowv vxssruwhg pdunhw
ghwhuplqdwlrq ri wkh vkruw0whup lqwhuhvw udwh udwkhu wkdq fhqwudo edqn frqwuro1
Ilqdoo|/ wkh hpslulfdo uhvxowv ghprqvwudwhg yhu| vwurqjo| wkh fuxfldo uroh ri
vkrfnv wr qrplqdo lqwhuhvw udwhv/ sduwlfxoduo| vkrfnv wr wkh orqj0whup erqg udwh/
iru wkh orqj0uxq sulfh ghyhorsphqw1 Wklv hylghqfh fdq eh vxppdul}hg dv iroorzv=
 Lq erwk shulrgv wkh wzlfh fxpxodwhg vkrfnv wr wkh lqwhuhvw udwh vsuhdg zhuh
irxqg wr kdyh e| idu wkh odujhvw lpsdfw rq wkh frpprq vwrfkdvwlf UE2 wuhqg
zklfk vwurqjo| dhfwhg wkh sulfh yduldeoh1
 Wkh erqg udwh zdv irxqg wr zhdno| h{rjhqrxv iru wkh orqj0uxq sdudphwhuv
lq erwk shulrg/ l1h1 wkhuh zdv qr orqj0uxq ihhg0edfn iurp wkh rwkhu yduldeohv ri
wkh v|vwhp rqwr wkh erqg udwh1
 Wkh vkruw0whup lqwhuhvw udwh zdv vkrzq wr dgmxvw lqfuhdvlqjo| vwurqjo| wr
wkh orqj0whup erqg udwh/ dqg qrw ylfh yhuvd1 Wklv zdv vwloo pruh surqrxqfhg lq
wkh HPV shulrg1
 Wkh orqj0uxq lpsdfw pdwul{ vkrzhg vwurqj dqg vljqlfdqw hhfwv iurp shu0
pdqhqw vkrfnv wr wkh erqg udwh lq erwk shulrgv dqg lq wkh uvw shulrg iurp
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vkrfnv wr vkruw0whup udwh1 Shupdqhqw vkrfnv wr prqh| yhorflw| kdg dowrjhwkhu
yhu| vpdoo dqg lqvljqlfdqw hhfw rq wkh v|vwhp1 Wklv zdv pruh surqrxqfhg lq
wkh uvw shulrg1
Wkh lqfuhdvhg lqwhuqdwlrqdo lpsdfw rq wkh ghwhuplqdwlrq ri wkh erqg udwh/
frpelqhg zlwk wkh dwwhpsw wr pdlqwdlq vpdoo h{fkdqjh udwh yduldelolw| dqg grzq0
zdug vwlfn| qrplqdo sulfhv/ vhhpv wr kdyh fdxvhg wkh frqyhqwlrqdo g|qdplfv ri
wkh U7  u wudqvplvvlrq phfkdqlvp wr froodsvh1
Dowrjhwkhu/ wkh hpslulfdo uhvxowv vxjjhvw wkdw wkh lqfuhdvhg hfrqrplf lqwhjud0
wlrq zlwklq wkh .L kdv fdxvhg pdmru fkdqjhv lq wkh pdfurhfrqrplf phfkdqlvpv
dqg vxevwdqwldoo| ghfuhdvhg wkh ghjuhh ri grphvwlf prqhwdu| dxwrqrp|1 Wkh
qglqj wkdw grphvwlf prqhwdu| srolf| zkhq pruh lqghshqghqw/ kdg d vljqlfdqw
orqj0uxq lpsdfw erwk rq lq dwlrq udwhv dqg uhdo GJS jurzwk udwhv/ vhhpv wr vxj0
jhvw wkdw wkh pdfurhfrqrplf frvwv ri jlylqj xs prqhwdu| lqghshqghqfh zlwklq
wkh sodqqhg HPX fdq eh vxevwdqwldo/ lq sduwlfxodu li zh dvvxph wkdw dv|pphw0
ulf vkrfnv zloo eh iuhtxhqw dqg wkdw wkhuh zloo eh qr frpshqvdwlqj vfdo wudqvihu
zlwklq d qhdu ixwxuh1 Wkh vdph frqfoxvlrq zdv uhdfkhg edvhg rq d vlplodu dqdo|vlv
ri Lwdoldq gdwd1
Dfnqrzohgjphqwv=
Ilqdqfldo vxssruw iurp wkh Vrfldo Vflhqfhv Uhvhdufk Frxqflo lv judwhixoo| df0
nqrzohgjhg1
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